





“No finer 
science 
equipment 
in any 

High School’”’ 


Quoting from the 
OPEN HOUSE Program 


*‘We have the equipment, supplies, and in- 
struction to bring the very best science 
education to our boys and girls. 


**The fine laboratory equipment was manu- 
factured by the E. H. Sheldon Equipment Co. 
There is no more up-to-date or finer science 
equipment available in any high school or 
community college in the nation today.”’ 


REVISED CATALOG 
NOW READY. WRITE FOR COPY. 














Sheldon Total Experience Science Laboratory 


“We are certainly highly pleased with our 
Sheldon equipment and feel that through your co- 
operation our laboratories have been transformed 
from a 1908 vintage to a 1975 plan. 

“We especially appreciate the fine service and 
cooperation given in both the planning and delivery 


of the furniture and equipment.” 


(Signed) Harry R. Davidson 
Superintendent 
Battle Creek Public Schools 


It costs you nothing to get Sheldon’s recommendations on 
a modern Total Experience Science Laboratory for your 
school. Ask your Sheldon representative, or write Muskegon. 


EQUIPMENT 
COMPANY 


MUSKEGON, MICHIGAN 


THE HARCOURT, BRACE SCIENCE PROGRAM 


A textbook publisher, like a science department, plans its science program for junior and 
senior high students with great care. Two primary concerns dominate our thoughts and acts: 
What to teach—the content of science, the way the content 
is to be organized, sequentially, grade by grade, and its 

validity as a clear image of today’s scientific world. 
How to teach—the methods of presentation of content, with 


the major emphasis being put on how students grow and learn 
and respond to the experiences of science. 


For a number of years Harcourt, Brace has been building its science program to reflect these 
major concerns. Today this program is recognized as the most up-to-date and functional 
program available. It begins in the seventh grade with You and Your World, moves on 
through the eighth and ninth grades with the very popular general science texts, You and 
Your Inheritance and You and Science, and then branches out at the high school level with 
Exploring Biology, Exploring Physics, and the best seller, Your Health and Safety. 


All of these science texts have had their content and teaching method determined by nation- 
wide research. All of them are dedicated to giving the student precise, correct, useful knowl- 
edge about his world. All of them are supported by test booklets, workbooks, and teacher 
manuals. You and Science has the added support of eight superbly made filmstrips in full 
color, one for each of the eight units of the text. 


Now to this program Harcourt, Brace is adding two other basic texts which will be available 
for classroom use early in 1958. These are: 

Your Biology—written for the “science-shy,” those students 

whose interests may never be centered in science, but who, 

as all of us, need to know about themselves and their living 

environment. Here are nine units, 30 chapters, complete with 

built-in laboratory materials, arranged into bite-size lessons, 


and written in a ‘language that makes science important and 
readable to the “science-shy.” 


How to Do an Experiment—written for the “science interested” 

to give them the information they need, and at the depth they 

need it, for any phase of scientific activ ity from the inception 

of an idea to reporting on the results of an investigation. This 

book is specifically directed toward preparation for science 

talent competition, for going further in science, and for the 

average “science-interested” student who enjoys independent 

work. 
If for one reason or another you are not using the Harcourt, Brace science program in your 
classes, please write us for information. 


HARCOURT, BRACE AND COMPANY New York 17 Chicago 1 
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DAILY NEWSPAPER— 


the exciting 


Second Edition 


of 


SCIENCE 
IN 
EVERYDAY 
LIFE 


Opsourn, Heiss, MONTGOMERY 


AS TIMELY AS YOUR 





with many 


new illustrations This model of an.earth satellite appears in full 
color on the front cover of Science in Everyday 
in color Life. 


Your ninth-grade general science students will be intrigued by this 
1958 edition. It thoroughly explores the fascinating new applications of | 
science in our daily lives, including the latest uses and potential develop- 
ment of earth satellites, atomic energy, radar, plastics, television, and | 
automatic computers—all within the text's proven framework of “learning | 
by doing.” | 

By solving more than one hundred short learning problems, students 
develop a true understanding and appreciation of scientific methods. They 
enjoy the thrill of personal discovery, experiencing in their own science 
classes the same profound satisfaction that has prompted so many scientists 
to devote their lives to research. | 





SCIENCE VAN NOSTRAND | 
N PROGRAM 120 Alexander Street 


Princeton, New Jersey 
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SEMI-MICRO 


WACO APPARATUS 


Wilkens-Anderson has earned its place as specialist 
in Apparatus for Semi-Micro chemistry . . . through 
the years authors have looked to us for the pieces 
which made their Semi-Micro text books and manuals 


so successful and easy to use! Seven text books now 
show WACO S-M apparatus! 


WEISBRUCH-WACO 
Reagent Bottle Tray 






According to 

SEMI-MICRO LABORATORY EXERCISES 
In High School Chemistry, by Fred T. Weisbruch. 
Holds complete set of student reagents in WACO 
Reagent Bottles, in rows. Made of hard maple and 
birch, a permanent piece used many years. Size 
12x 10%x1% inches. Without bottles, $3.25 each 
... in dozen lots $2.95 each. Specify Cat. No. 10490-1. 


HAND FINISHED SPATULAS 


Perfectly shaped spatulas for Semi-Micro 
Qualitative and Organic Chemistry. WACO 
Monel Spatulas are nicely balanced, perma- 
nent pieces. Glassware breakage is reduced, 
as scratching is eliminated. 

No. ST-7027. WACO Monel Spatulas 175 
mm. long. Slightly dished tip to hold 
crystals. $3.10 per doz., $24.00 per 100. 


At the price, WACO Spatulas 
class as “Non-Returnables!”’ 


WRITE TODAY FOR 2 


FREE BROCHURES... 
Sane 
ject 


* Complete Catalog WACO 
\ 
i 


Semi-Micro Apparatus, 
Vol. ST-1. 

* Listing of S-M Apparatus 
according to SEMI-MICRO 
LABORATORY EXER- 

CISES In High School Chemistry, 
Fred T. Weisbruch. 











ES AND CHEF 


WILKENS-ANDERSON CO. 


CHICAGO 51 MLLINO'TS 
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The Journal of the National Science Teachers Asso- 
ciation, published by the Association monthly except 
January, June, July, and August. Editorial and 
executive offices, 1201 Sixteenth Street, N. W., Wash- 
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Science Teachers Association. Entered as second- 
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OFFICERS OF THE ASSOCIATION 


Glenn ©. Blough, President, University of Maryland, College 
Park, Maryland 

Herbert A. Smith, President-elect, University of Kansas, Law- 
rence, Kansas 

John S. Richardson, Retiring President, The Ohio State Univer- 
sity, Columbus, Ohio 

H. M. Louderback, Secretary, Lewis and Clark High School, 
Spokane, Washington 

Robert T. Lagemann, Treasurer, Vanderbilt University, Nash- 
ville, Tennessee 

Robert H. Carleton, Executive Secretary, 1201 16 Street, N. W., 
Washington 6, D. C. 





MEMBERSHIP 


The membership year coincides with the calendar year. New 
entries during the fall months extend through the following 
calendar year. 


Regular Membership $ 6.00 
Sustaining Membership* 10.00 
Student (college and university) 
Membership 2.00 
Life Membership* 175.00 
Payable in ten annual installments; 
$150.00 if paid in three years or 
less. 
Library Subscription* 8.00 


* Includes the Elementary School Science Bulletin and Tomorrow's 
Scientists. 


Coming a 


in The Science Teacher 





@ Where Is the Science in Science Education? 

@ Earth, the Changing Laboratory: An IGY Report 
@ On Behalf of Archimedes 

® Identifying Future Scientists 

@ The Rationality of Some Intuitive Foundation Stones 
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Brilliant 


| ie Teaching Microscopes 



















e Advanced styling and design 
@ Inclined body 


e Focusable stage...variable 
autofocus 


@ Low-positioned coarse and 
fine adjustments 


@ World-famed optics 


e Shock-absorbing spring 
loaded nosepiece assembly 

e Durable, pleasing, dove-gray 
EPOXY finish 


e LOW COST... 
5 or more, $204.75 each 








CICLO RMAC, 


@ True three-dimensional 
image 














e@ Long working distance 

@ Reversible and inclined body 
e Large field of view 

@ Broad selection of models 
@ Top quality optics 





e@ Durable, pleasing, dove-gray 
EPOXY finish 


e LOW COST... 
5 or more, $175.50 each 


Dept. W95 


American Optical 6 ye Microscope Brochure $B124 
Company 


CYCLOPTIC Brochure SB56 
INSTRUMENT DIVISION, BUFFALO 15, NEW YORK Address 


Name 








City. Zone State 














THIS MONTH'S 
COVER 


| 


PHI 


SCIENCE, TEAGHER 








is a design suggested by the ripple tank, a device for produc- 
ing continuous waves which simulate light waves. Their char- 
acteristics and behavior can be studied under controlled condi- 
tions. Apparatus components which are variable under the 
control of the student make possible the production of waves 
of differing frequency, reflections or echo patterns, interference 
patterns, and diffraction. 


The cover design emanates from an interference pattern in 
the ripple tank developed by the Physical Science Study Com- 
mittee, whose plans, achievements, and prospects are dis- 
cussed in four articles in this issue of TST as a special feature 
of this month’s journal (beginning on page 315). The ripple 
tank is but one example of a key purpose of PSSC—to design 
or redesign equipment for physics students which can be easily 
built in the school and at low cost. In addition to its low cost, 
this type of equipment will enable students to explore the very 
frontiers of science on the same kinds of problems that attract 
the attention of the world’s leading physicists. 


One of the major accomplishments of PSSC to date is pub- 
lication of an experimental physics textbook, the first of four 
to be produced. It is available in limited quantities at $2.50 
per copy. It is designed for study by teachers rather than for 
classroom use at this time. Copies may be obtained by writing 
to the Physical Science Study Committee, Massachusetts Insti- 
tute of Technology, Cambridge 39, Massachusetts. 








A dynamic program in elementary science 
SCIENCE TODAY AND TOMORROW 


By GERALD S. CRAIG and ten teacher-specialists in elementary science 


This program for grades one through eight brings real science into the classroom. 
Features of the series include large, open pages with hundreds of pictures in full 
color, and complete manuals. 


Coming in 1958 


SCIENCE FOR THE ELEMENTARY-SCHOOL 
TEACHER, NEW EDITION y cerato s. craic 


A thorough revision of a widely used methods book with up-to-date information 
on each of the areas of science treated. Write for more information. 


GINN AND COMPANY—PUBLISHERS 


Home Office: BOSTON Sales Offices: NEW YORK 11 CHICAGO 6 
ATLANTA 3 DALLAS 1 COLUMBUS 16 PALO ALTO TORONTO 7 





306 


The SCIENCE TEACHER 











Serve ALL Science Labs with ONE 


FLEXIHOOD 





See our display, Booth 398— 
Chemical Show, New York, Dec. 2-6 


REPRESENTATIVES IN PRINCIPAL CITIES Newmar 





Kewaunee’s Safe, Movable, 
Clear-View Fume Hood 


Put it where you want it. Kewaunee’s FLEXIHOOD is easily moved 
—within a lab and from room to room. With one low-cost unit, 
you can provide all your science departments with safe, sure 
fume removal. 

Glass paneled front and rear, the FLEXIHOOD is an excellent 
lecture-demonstration unit that provides all students with an 
unobstructed view of the experiment as it is being conducted. 

The FLEXIHOOD is remarkably compact — 36%” wide (43” 
with attached blower), 25” high, 20” deep. It requires no ex- 
pensive installation for blower and duct system and does not 
need fixed mechanical services. 


Write for FREE brochure giving complete details and 
specifications on the efficient, portable FLEXIHOOD. 


KEWAUNEE MANUFACTURING CO. 5122 S. Center St. Adrian, Michigan 
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A GREAT AMPLIFIER TUBE 


IS PERFECTED 
FOR TELEPHONY 


A new transcontinental microwave system capable of carrying 
four times as much information as any previous microwave system is 
under development at Bell Laboratories. A master key to this devel- 
opment is a new traveling-wave tube of large frequency bandwidth. 


The traveling-wave amplifying principle was discovered in Eng- 
land by Dr. Rudolf Kompfner, who is now at Bell Laboratories: the 
fundamental theory was largely developed by Labs scientist Dr. John 
Pierce. Subsequently the tube has been utilized in various ways both 
here and abroad. At the Laboratories it has been perfected to meet the 
exacting performance standards of long distance telephony. And now 
for the first time a traveling-wave tube will go into large-scale pro- 
duction for use in our nation’s telephone system. 


The new amplifier’s tremendous bandwidth greatly simplifies the 
practical problem of operating and maintaining microwave communi- 
cations. For example, in the proposed transcontinental system, as many 
as 16 different one-way radio channels will be used to transmit a 
capacity load of more than 11,000 conversations or 12 television pro- 
grams and 2500 conversations. Formerly it would have been necessary 
to tune several amplifier tubes to match each channel. In contrast. a 
single traveling-wave tube can supply all the amplification needed for a 
channel. Tubes can be interchanged with only very minor adjustments. 


The new amplifier is another example of how Bell Laboratories 
research creates new devices and new systems for telephony. 


Left: A traveling-wave tube. Right: 
Tube being placed in position between 
the permanent magnets which focus the 
electron beam. The tube supplies uni- 
form and distortionless amplification of 
FM signals over a 500 Mc band. It 
will be used to deliver an output of 
five watts. 





BELL TELEPHONE LABORATORIES 


WORLD CENTER OF COMMUNICATIONS RESEARCH AND DEVELOPMENT 
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Continued deep concern, financial support, and action 
programs for the extension and improvement of precollege 
science teaching are heartening to teachers and others who 


have responsibilities in this area. The editors of TST are 
privileged and pleased to devote much of this issue to a 
report on one of the most significant of such projects— 
the Physical Science Study, headquartered at the Massa- 
chusetts Institute of Technology. 

PSS enjoys active participation of high school teachers 
and Nobel prize winners, among others. It is being lavishly 


supported by nearly $750,000 from the National Science 
Foundation, $500,000 from the Ford Foundation, $250,- 
000 from the Alfred P. Sloan Foundation, and $200,000 


from The Fund for the Advancement of Education. In 
addition to promising a high school course of new design, 
PSS portends an impact which is likely to be felt in new 
or revised textbooks and syllabi for the 
school physics course. 


“standard” high 

The underlying hypotheses and the goals of PSS seem to 
have important implications for other segments of the 
curriculum in science for grades one through 12. But cer- 
tain questions arise which perplex both the teacher and 
curriculum worker. 

This study urges us to fundamental, or “pure,” 
physical science and to leave out most of the applied science, 
the engineering, the technology, and the “gadgetry” which 
now comprise such a large part of physics and chemistry 
at the high school level. Is this advice also to be applied 
to high school biology? How about junior high school 
general science—and science in the elementary school? At 
the same time that PSS is urging us in one direction, other 
well-meaning friends among the engineers and industrial 
scientists are asking for more and better treatment of their 
problems and concerns in high school science, which means, 
of course, technology and applied science; it means re- 
frigerators, and polio vaccine, and sputniks. If all or 
most of this kind of “science’’ is omitted from high school 
physics, biology, and chemistry, when and where, if at all, 
should it be provided in the training of the engineer or in- 
dustrial scientist ? 


stress 


It is an honor and a privilege for me to serve as a member 
of the PSS Steering Committee. I look upon the study as an 
experiment, certainly the boldest and the most promising 
venture in high school physics in half a century at least. 
In discussions and deliberations of this committee, I have 
tried to represent “the high school teacher” and have urged 
a heads-in-the-stratosphere, feet-on-the--ground approach. 
But I feel the need for more advice; I think the rest of 
the committee would also welcome reactions and suggestions. 
In the final analysis, both the revolutionary approach of 
this study and the value of its impact upon science teaching 
must be measured by the reactions it invokes. 

I hope many of you will be impelled to read about, think 


about, and write about PSS. 
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the world as 
it really is... 





THIS NEW GLOBE for the first time brings 
into the classroom a teaching tool hitherto 
available only in costly, custom-made, exhibi- 
tion relief globes. This inexpensive, accurate 
relief globe—now made possible by advances 
in plastic techniques—is actually a copy of the 
famous six-foot Geo-Physical globe developed 
in cooperation with some of the world’s great 
geographers and educators for universities and 
museums. 


Geo-Physical globes are now being featured in 
the N.B.C.-Ann Arbor Educational TV Series, 
“The International Geophysical Year.”’ Students 
can follow the I. G. Y. Program on the work 
globe, paint data on the relief surfaces, and 
when projects are complete, either wash the 
globe clean or spray it for permanent use as a 
library model. 


Light and Durable Movable in Its Cradle 


... Freely 
PRICE TO SCHOOLS: $14. f.o.b. N.Y. 
Includes two 12-inch white hemispheres, 
nested, metal stand, Teachers Guide, and 
a handsome natural color world map. 








EE 


School Division 


GEO-PHYSICAL MAPS, INC. 


101 PARK AVENUE, NEW YORK 17, N. Y. 
PLEASE SEND ME DETAILS 
[_] Please have local representative call 
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WHEN THE SUBJECT IS ELECTRONICS 
. »» THESE BASIC TEXTS ARE THERE! 


“BASIC ELECTRICITY” 
“BASIC ELECTRONICS” 


by Van Valkenburgh, Nooger, & Neville, Inc. 


THE FABULOUS “PICTURE BOOK” COURSES 
DERIVED FROM THE NAVY’S TRAINING PROGRAM! 


This is the fabulous ‘““Common-Core”’ training 
course so successfully used by the United States 
Navy! Over 25,000 Navy trainees have already 
mastered the basics of electricity and electronics 
this new “learn by pictures” way and now, for 
the first time, this same material is available to 
civilian schools! Over 1,700 big “‘show-how” 
drawings make every phase picture clear—these 
illustrations actually make up more than half 
the entire course! 


Here’s how these picture courses work: every 
page covers one complete idea, and there’s at 
least one big drawing on that same page to illus- 
trate and explain the topic covered. ‘“Demon- 
strations’’, plus review pages at the end of every 
section, highlight the important points just 
covered. Written in clear, everyday English, 
they present basic electricity and electronics as 
they’ve never been presented before! 


Vols. 1 and 2 of “Basic Electricity” cover DC 
components and circuits; Volumes 3 and 4 cover 
AC components and circuits; Volume 5 covers 
AC and DC motors and machinery. 


Volume 1 of “Basic Electronics” covers Diodes 
& Power Supplies; Vols. 2 and 3 cover Ampli- 
fiers & Oscillators; Vols. 4 and 5 cover Trans- 
mitters & Receivers. 


PAPER EDITION— 


§ separate volumes (6” x 9”) approximately 
120 pages each. Total cost for either the 5-vol. 
“Basic Electricity” or 5-vol. “Basic Electronics” 
series is only $10.00. 


CLOTH EDITION— 


Consists of exactly the same material, but all 5 
volumes of each course are bound in a single 
volume. One volume includes all of “Basic 
Electricity” . one volume includes all of 
“Basic Electronics.” Price: $11.50 each. 


ORDER YOUR REVIEW COPIES TODAY! 
School Discounts Apply 


JOHN F.RIDER PUBLISHER, Inc. 


116 West 14th St., New York 11, 








Just received my copy of the revamped Elementary 


School Science Bulletin. Such an improvement! 


R. J. CHINNIS 
Rockville, Maryland 


Enclosed is the six dollars for my membership. 
not mind the change in price. 
that much and more. 


I do 
The membership is worth 


SISTER M. CHARLOTTE 
Sisters of the Holy Cross 
Los Angeles, California 


Most, if not all, of the groups of which I am an offi- 
cer have raised their dues. NSTA is well worth the 
increased dues, I feel, since there is so much volunteer 
activity and particularly in view of the vast, 
efforts of the headquarters staff. 


tireless 


L. REED BRANTLEY 
Department of Chemistry 
Occidental College 

Los Angeles, California 


As a prospective science teacher, I have enjoyed 
reading your journal because it is not only interesting 
but also stimulating in connection with some of the 
courses I am taking in school. As I should like to take 
out my own subscription to the journal, would 
please advise me about student membership. 


you 


UrsuLA M. SACHSE 
Pennsylvamia State University, University Park 


I found the Association’s address in a booklet on 
“Science Teaching Techniques” (published in Great 
Britain). I would like information on how we in South 
Africa can subscribe to The Science Teacher and become 
a member of your Association so as to receive regular 
packets of science teaching aid materials. 


J. PAPENFUS 

Brits High School 
Brits, Transvaal 
Union of South Africa 


I have wandered far afield since joining the Associa- 
tion in Seattle last year. I had the opportunity to serve 
in this small private school for one year under the 
auspices of the Department of State. It is a challenging 
assignment. The American School is establishing high 
school work this year and I am called the high school 
mathematics and science instructor. My laboratory is 
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a dramatic advance in the effective teaching 
of physics...announcing 


Wa BASIC PHYSICS 


by Dr. Alexander Efron 


STUYVESANT HIGH SCHOOL, N.Y.C. 


At last, the very physics text that you have always 
wanted, the one that you have always felt the need 
for...the one that means more effective instruction — 
Better students! 


MORE EFFECTIVE INSTRUCTION — GREATER STUDENT INTEREST 


Written by Dr. Alexander Efron, dedicated educator 
with more than 25 years of physics teaching experi- 
ence, BASIC PHYSICS is a new, thoroughly modern 
text with a new teaching approach offering an enriched 
course in intermediate physics for HIGH SCHOOL 
and JUNIOR COLLEGE students. It is designed to 
make instruction more effective, bringing out the best 
capabilities of your student, and at the same time, 
motivate student interest. Basic Physics is compre- 
hensive, up-to-the-minute, technically accurate, and is 
supported by carefully prepared, detailed illustrations 
that enhance the text. It provides a concrete founda- 
tion on which the student may build all future studies. 


A NEW TEACHING APPROACH 


These thoroughly readable textbooks comprise a 
psychologically organized course in intermediate phy- 
sics using the “spiral” approach. Volume I offers an 
overall view of most of the simpler material of the 
standard course. Volume II covers more difficult topics 
as well as a “deeper” and a more analytical look at 
those topics which have been previously presented in 
a purely descriptive and empirical fashion. This two 
volume work (single binding) constitutes an integrated 
year’s course, the study of which fully satisfies the 
requirements of College Boards as well as all local, 
regional and State syllabi. 
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IN ADDITION TO THE CLASSICAL SUBJECTS, THESE ARE 
SOME OF THE VITAL, MODERN, UP-TO-THE MINUTE SUB- 
JECTS COMPREHENSIVELY COVERED IN EFRON’S BASIC 
PHYSICS ...does your present text cover them? 


@ Heat: a form of energy in transit @ Levels or “hills” of 
energy @ Transport of heat; heat “carriers” @ Penetra- 
tion of the ionosphere @ Physical vs psychophysical sound 
@ Hearing, speech and music @ New Permanent magnets 
@ Ferroelectrics @ Magnetic domains @ Ultrasonics 
@ Oxidation-reduction in electric cells @ History of sub- 
atomic particles @ Reflection and refraction; Huyghenian 
approach @ Terminology of illumination @ Schematics of 
heat engines @ Electric current: non-“hydraulic” approach 
@ Alternating currents; single and polyphase @ Transis- 
tors; solar battery @ Nuclear energy @ Research and 
power reactors. 
BASIC PHYSICS is available now! 

#195 Two volumes in a single cloth binding, 724 pages, 
6%" x 9%", approx. 800 illustrations, $7.60 list. 


Order your review copy today by using coupon. 
School Discounts Apply 
va 5 JOHN F. RIDER PUBLISHER, INC. 
PatamFaa 116 West 14th St., New York 11, N. Y. 

Please rush a review copy of Efron’s BASIC PHY- 
SICS for 30 day examination. If I want to keep this 
book, I’ll pay invoice (instructor’s discount applies) ; 
otherwise, I’ll return the book in 30 days. 

SCHOOL 
POSITION 
NAME 
ADDRESS 
CITY ZONE STATE 
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the bathroom of a former sultan’s palace here in the 


city center. It would be far simpler to restore it than 
to adapt the quarters to their new use. 

I profited from my membership in NSTA last year 
and am desperately looking for all the help I can get 
now. If it is possible to forward The Science Teacher 
and the packets to me here, they would be a great help. 


WILLIAM N. SHANKS 


The American School of Tangier 


Tangier, Morocco 


NSTA is maturing into a top professional organiza- 
tion in the education field. Best wishes! 


RoGer G. OLSTAD 

Science Department 

College of Education 

University of Minnesota, Minneapolis 


A comment concerning Mr. Trout’s useful suggestion 
for surface tension determinations (‘‘Surface Tension” 
by Verdine E. Trout, Classroom Ideas, October 1957 
TST, page 285): The legend under Figure 2 includes 
the item “g—Value of gravity 980.” 

I fear that the use, even among teachers talking to 
teachers, of imprecise, short terms for g carries unwit- 
tingly into the classroom. The result is a vague and 





imperfect notion by the student of the important con- 
cepts of weight, acceleration, and so forth. 

Why not be forthright and tell the student that 
gravity is a phenomenon, that the earth attracts a body 
with a force (the “force of gravity”) called the weight 
of the body, and that this force causes the acceleration 
due to gravity (represented by g)? The need for correct 
units (of dimension LT—2) then is clear 

A second comment is an addition to Mr. Drayton's 
ingenious method of salvaging stoppers and/or tubing 
(“Glass Tubing and Stoppers: You Don’t Have to Fight 
Them” by Charles D. Drayton, Jr., Classroom Ideas, 
October 1957 TST, page 285) 

I have found that rolling the stopper back and forth 
under light foot pressure for a few minutes will gen- 
erally loosen even the most stubborn tubing. In fact, 
short lengths of glass (two or three inches) will migrate 
completely out of the stopper under this treatment. 


R. R. GATES 
Division of Sciences and Mathematics 
Fullerton, California, Junior College 


Before moving from Florida State University to East 
Texas State College (August 1957), I wish to start a 
local teacher on his life membership in NSTA. He was 
an intern teacher for me a year ago and has since been 
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teaching in a Tallahassee high school. I discussed 
NSTA with him and offered to pay his first installment 
on a life membership as a little reward for his excellent 
work in developing the first regional science fair in 
northwest Florida. He agreed to this arrangement and 
I am enclosing a check for the first payment 


Roy N. JERVIS 
East Texas State College 
Commerce, Texas 


I appreciate the packet service very much; it is the 
most treasured brown envelope I get during the teach- 
ing term. It certainly is a credit to those responsible 
for the cooperative efforts that produce it, and I am 
convinced there is much more vitalized teaching done 
across the nation because of it. 


SISTER JANE FRANCES 
Presentation Junior College 
Aberdeen, South Dakota 


The value of a program like STAR has become ap- 
parent to me in the past few months. As the result 
of publication of my 1956-57 medallion-winning entry, 
“The Activity of Germinating Pollen and Its Use in 
the Biology Classroom,” in the special booklet, STAR 
Ideas in Science Teaching (see page 347 of this issue of 
TST), I have received numerous letters from teachers 
requesting information on the subject of my paper 

More important yet, I have received three letters and 
have even had a visit from high school pupils other than 
from my own school, who are using germinating pollen 
grains as term projects. I think these things prove that 
the STAR program is getting results 


RoBERT H. STRAHLENDORE 

Biology Teacher 

Mastbaum Vocational-T echnical School 
Philadelphia, Pennsylvania 


How glad I was to see the article by Dr. I. Bernard 
Cohen printed in The Science Teacher (“The Impact 
of Science on Society,” September 1957). I heard him 
present the talk on which the article was based at the 
NSTA convention in Cleveland (March 1957) and 
found it extremely inspirational. I felt that his speech 
accounted for a real “boost” to my subsequent teach- 
ing. I am very happy that other teachers who did not 
have the opportunity of hearing him may now read some 
of his remarks. 

Mrs. VERRELLE REID 
Ashley, Ohio 


Commenting on the magazine, I must say, with all 
sincerity, that I think it has improved in quality over 
the years and I feel that it fulfills its purposes, at least 
as I see them, admirably. I like the balance given to 
the various topics of science teaching and, for the most 
part, the articles are very well done. Occasionally I 
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think that a particular writer could make better use of 
illustrations. I believe that photographs and drawings 
should be used wherever possible, even though they are 
not “professionally” 
thing 


done. Neatness is the important 
Sometimes I think that the book reviews are apt 

to be too long and that, if we tried, we could say all 
that needs to be said in fewer words. Perhaps some 
words of encouragement would bring forth more people 
willing to help with the reviews 

There can be no real doubt of the high quality of 
TST. Keep it up! 
J. STANLEY MARSHALL 
Science Department 
State Teachers College 
Cortland, New York 


I want to compliment the Association on the excel- 
lent Elementary School Science Bulletin for May 1957. 
The material on the International Geophysical Year 
was well presented I am looking forward to the 
new, expanded ESSB 


SYLVIA VOPNI 
College of Education 
University of Washington, Seattle 
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A study that portends possibly revolutionary | 
advancements in the teaching of secondary school 
physics is now going on, headquartered at the 
Massachusetts Institute of Technology in Cambridge, 
Massachusetts. Because of its potential significance 
and the trail-blazing steps it has already marked off, 
The Science Teacher presents here a special four-article 
report on THE PHYSICAL SCIENCE STUDY. The articles, 
written by leaders in the study, enunciate its 
background, its objectives, and its accomplishments 

to date. As future developments warrant, they will 
be reported in TST. 





From These Beginnings... 








By ELBERT P. LITTLE 





Executive Director 


INCE THE EARLY YEARS of the 20th cen- 

tury, the natural sciences have undergone two 
distinct and consequential changes. First, the 
sciences themselves have grown enormously, both 
in technique and in depth. Next, science has become 
inextricably interwoven with our daily life. We 
exist farther from the soil, closer to the laboratory; 
even more, science has left an ineradicable mark on 
our modes of thought and our methods of choosing 
between alternative courses of action. Modern man, 
whether he is aware of it or not, lives out his life 
in constant association with the methods of scien- 
tific research and the consequences of scientific 
research. 

For some time, scientists and educators have 
been aware that this altered state of affairs is inade- 
quately represented in secondary education (and as 
a consequence, in higher education). The teaching 
of science in the secondary school has indeed 
changed, and changed substantially, in the half 
century, both in content and in technique. But on 
the whole, the changes have consisted in additions 
to the structure that existed 50 years ago, or in 
alterations to the existing structure. Lately there 
have been repeated intimations that this piecemeal 
reconstruction has long since failed in its purposes; 
that a new structure is now necessary; and that it 
must be designed from the ground up. 

The problem is most clearly seen in the secondary 
school physics syllabus. Structurally it goes back 
to the early part of the century, and despite the 
adjustments of the past five decades it represents 
quite clearly the state out of which the science was 
even then beginning to pass. 

The syllabus is built around Newtonian me- 
chanics, which had ruled physics for more than two 
centuries. The universe, as the physicist then saw 
it, was a Newtonian universe. A diagram of the 
solar system constituted a most appropriate frontis- 
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piece for a textbook on physics, for the universe as 
a whole was the solar system in the large, just as 
atoms and molecules were the solar system in the 
small. Accordingly, the course began with statics, 
went on to kinematics and dynamics, and in the 
light of these disciplines undertook to explain, one 
after another, heat, light, and sound. Such an or- 
ganization of the subject was beyond criticism; it 
had a logical unity and it reflected both the cur- 
rent state of knowledge and the general attitude of 
the physicists. 

In the years that have passed, physics has thrust 
out wider roots and borne unimaginably richer 
fruits. Quantum theory and relativity were postu- 
lated and developed; wave mechanics came into 
being and recreated the physicist’s basic outlook: 
attention shifted from the particle to the atom, 
then to the nucleus, and now to the subnucleus. 
Newtonian mechanics lost none of its significance, 
but its status was changed; it no longer represented 
the manner in which the physicist regarded his 
universe. 

The growth of the science, impressive as it was, 
did not begin to match the concurrent growth of 
the technology that was based upon it. Except for 
weather and the passage of day and night, most of 
modern man’s environment literally did not exist 
50 or 60 years ago: the processing which creates 
his foods; the fibers that go into his clothes; the 
automobile and airplane that carry him from place 
to place; the urban employments that earn him his 
living; the shadow pictures and the dancing elec- 
trons that constitute his leisure time activities. Add, 
if you like, air conditioning and the electric light, 
and even weather and time are under some sort of 
control. All of these are born of science, and some- 
how the educated man should have some intimacy 
with them all, beyond the intimacy of daily use. 

The physics syllabus could not possibly remain 


The SCIENCE TEACHER 

















isolated from all these changes. As the science 
developed, the new subject matter was interpolated 
or added, as seemed most suitable. Technology 
was crowded in where it seemed pertinent. Text- 
books grew in size and consequently diminished 
in comprehensibility. Because Newtonian mechan- 
ics rapidly ceased to serve as a unifying concept, 
the subject compartmentalized: physics insensibly 
became several distinct and disconnected subjects- 
mechanics, optics, heat, sound, electricity, the atom, 
the nucleus—grouped into one, it seemed, primarily 
for pedagogic purposes. 

Since none of these could be covered adequately 
in the time at the teacher’s disposal, the tempta- 
tion grew to shift the emphasis from the science— 
which in any case was not being taught—to the 
technology, thus answering at least to the super- 
ficial interests of the student and rendering the 
subject matter manageable. The student could 
then be given, at the least, some insight into the 
workings of an internal combustion engine, a re- 
frigerator, a radio, and (more recently) a space 
ship. 

Under circumstances such as these, the task of 
the science teacher has become increasingly onerous. 
More and more, he teaches a subject that he him- 
self does not recognize as science. If the brighter 
student is momentarily challenged to look upon the 
wider aspects of science, the syllabus is too hurried 
and too episodic to enable him to grasp any phase 
of it. The growing complexity of the material is 
not reflected in the school laboratory where the 
student, living in the world of the electron and the 
atom, struggles with pulleys and theoretical me- 
chanical advantages. It is a rare boy or girl whom 
even the most devoted teacher can stimulate, in 
the face of such uninspiring subject matter. 

New teaching techniques have done little to 
resolve the impasse. Bound as they are to the 
syllabus, they can bring only minor relief to the 
science teacher; they cast light upon detail, but 
leave the teacher to cope unaided with the contra- 
dictions inherent in the choice and arrangement of 
the subject matter. 

Meanwhile, as the syllabus has come to be 
steadily less representative of the subject matter, 
the need has become greater. 
increasingly relevant to the career that a high school 
student is likely to follow, and the environment in 
which he will follow it. In the 19th century, most 
high school students could safely ‘take’ science 
and forget it; physics would impinge very little 
upon his daily life. In the 20th century, physics is 
likely to be an integral part of his life. A large, 
and constantly increasing, proportion of high school 
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students go on to make careers of science and engi- 
neering. The rest, whether as business men, lawyers, 
civic leaders, or skilled laborers, can almost cer- 
tainly expect to come into intimate contact with it. 
More remotely, an ever-increasing proportion of 
the taxes they pay goes to scientific and engineer- 
ing research or their fruits; the minimum demands 
of good citizenship require that there be some com- 
prehension of what they mean. 

But in the face of these realities, secondary 
school curricula fail to make science a meaningful 
part of general education. To that extent, general 
education lacks progressively any deep relevance to 
contemporary life, and fails to give adequate in- 
sight into how contemporary life is being shaped 
by science and technology. Misapprehensions about 
science in the public mind have become one of the 
principal reasons why we have today too few stu- 
dents studying for scientific careers, and too few 
teachers competent to teach science. 

None of these considerations is the property of 
any one group. Since the war, dissatisfaction with 
the teaching of science in the secondary schools has 
been stimulated in many ways. Most powerfully, it 
has arisen out of the realization that our supply of 
scientists and engineers is not keeping pace with our 
bare needs, nor with the supply enjoyed by other 


great nations. Next, science teaching is failing in 


A bench-made telescope is characteristic of the ‘do-it-yourseif’’ 
techniques of the course. 
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one of its most important functions: that of renew- 
ing in each generation an adequate supply of new 
teachers. In 1953 a Harvard University conference 
on Nationwide Problems of Science Teaching in the 
Secondary Schools reported that the supply of 
science teachers threatened to fall short of the 
demand by a full 50 per cent. 

Finally, but not least in significance, there is a 
powerful intellectual discontent with the present 
status of science teaching: the scientist, the teacher, 
and the educated layman are all disturbed by the 
fact that it does not fairly represent science. 

What is the view of science held by those persons 













































Water bounded by an ellipse shows wave reflection in a star- 
tling manner: a finger thrust into the water at one focus creates 
a wave “explosion” at the other. 





who are aware of science and its meaning? The 
best description I know comes not from a scientist 
but from a philosopher—Charles Frankel of Colum- 
bia University. Science, says Professor Frankel in 
his eloquent book, The Case for Modern Man, “is 
an example par excellence of a liberal art—a 
deliberate, selective recording of experience, which 
releases men from the narrowness and urgency of 
routine affairs, carries them beyond the accidents 
and limitations of their lives, and makes it possible 
for their commerce with the world to have scope, 
order, and systematic consequences. It has been 
used as an instrument of . . . war, but its primary 
function is more humane and, as it were, aesthetic. 
And its relation to practice is the relation of any 
fine and liberating art—it carries men beyond the 
foreground of their experience, and enlarges the 
dimensions of human choice by acquainting men 
with the alternative possibilities of things. Quite 
apart from its technological applications, it repre- 
sents, to use an old philosophical expression, a 
‘final good’—something which has its own inner 
dynamism, goes its own way, and can give stability 
and direction to the rest of our lives.” 

Animated by an outlook such as this, the Physical 
Science Study Committee (PSSC) was organized in 
1956, under a grant from the National Science 
Foundation, to seek ways of giving that outlook 
expression in the high school curriculum. Although 
the committee is administered by the Department 
of Sponsored Research of the Massachusetts In- 
stitute of Technology, it has at no time been 
exclusively an MIT project. From the outset it 
has been national in scope, enlisting its membership 
from universities and high schools across the conti- 
nent. During the intensive summer program that 
has just been completed, more than 100 scientists, 
educators, and other contributors took part; of 
these, some 40 came from colleges, universities, and 
industrial laboratories; about the same number 
from secondary schools in all parts of the country; 
and the rest from the various communications in- 
dustries—films, television, and the press. 

The committee’s work has so far fallen into two 
stages. During the first, which extended from its 
formation to the beginning of summer, the entire 
problem was studied—as much as possible ab 
initio. After considerable discussion, two far- 
reaching conclusions were agreed upon: to con- 
centrate further consideration on the secondary 
school physics syllabus and to lay great emphasis 
on the development of new—perhaps radically new 
—teaching aids, without which it was felt no ade- 
quate program could be carried out. Thereafter, 
the physics syllabus was restudied and _ totally 
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A plane wave is diffracted passing through a slit in the ripple 
tank. 


reformulated. The committee emerged from this 
stage with a clear conception of what it wished 
to accomplish, and of how it hoped to accomplish it. 
Professor Friedman’s article in this issue of The 
Science Teacher summarizes both the conclusions 
and the manner in which they were reached. 

The second stage, undertaken during the sum- 
mer just past, was that of arriving at a first ap- 
proximation of the teaching material that would 
embody this syllabus. A textbook has been written, 
and is now being published in four preliminary 
volumes. A program of 70 20-minute films has 
been embarked upon and will soon be in produc- 
tion. As Professor Zacharias reports elsewhere in 
this issue, appartus is being designed and con- 
structed for classroom use, for laboratory use, and 
as a challenge to those students who might wish to 
strike off on their own in their kitchens or work- 
shops. Under the supervision of Mrs. Laura Fermi, 
widow of the great Dr. Enrico Fermi, the first steps 
have been taken to provide low-cost, authoritative 
outside reading for the student who is stimulated to 
go beyond the text. Concurrently, the demands of 
the academic system itself are being met with the 
preparation of teacher’s manuals, printed material 
to accompany laboratory apparatus and films, and 
examinations. 

All this represents merely the first two stages in 
a program that will no doubt continue over the 
next four or five years. During the months ahead, 
the accomplishments of the committee will undergo 
the scrutiny of the teaching profession and the 
academic world, and the less formal scrutiny of the 
high school student. Classes will study from the 
text, which will no doubt reveal many strengths 
and weaknesses that the committee was not able to 
anticipate. Films will be made, and other aspects 
of the entire course will be pursued. 

By the summer of 1958, it should be possible to 
embark on a second approximation of the text in 
the light of what has meanwhile been discovered. 
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Films no doubt will be scrapped, and better ones 
produced. Summer institutes will embark upon the 
essential task of familiarizing science teachers with 
the details of what has been accomplished, and 
preparing them to take the course in hand. By the 
school year of 1958-1959, it should be possible to 
introduce the full course, together with a battery of 
completed teaching aids, into a number of repre- 
sentative secondary schools. Only then will a large- 
scale evaluation of the methods and the contents 
become possible. It will be on the basis of this final 
evaluation that the new physics syllabus will be put 
in determinate form. 

If it is to be successful, it will require most of all 
the cooperation of the high school science teacher. 
He and his students are the customers for this 
product. The teacher must try it out, measure care- 
fully its triumphs and its failures, and keep a con- 
stant feed-back flowing to the physicists, the edu- 
cators, the editors, the film producers, the designers 
of apparatus, and all those who are seeking to put 
the course together. It will succeed in the school- 
room, and in the schoolroom alone; its form must 
in the end be determined by the schoolroom. 


Those of us who are directly associated with the 
work entertain no doubts that it is an effort worth 
more labor and more devotion than anything else 
we do. Every teacher of science, by the nature of 
his profession, may feel himself equally associated 
with the task. Carrying it to a successful conclu- 
sion, we will all of us enrich not only our own 
lives, but the lives of millions of young men and 
young women in the generations that will follow 
us, and carry on our work. 


A scene from the film on Light Pressure: Professor Zacharias 
demonstrates the effect of a high vacuum on a Crookes’ Radi- 
ometer. 
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E ALL KNOW THAT SCIENCE is a human 
endeavor. The body of facts and. theories 
which constitute our understanding of physical 
science is the result of a long development, a long 
and continuing effort by man to satisfy his curiosity 
and his needs. The history of discovery and inven- 
tion in physical science is interwoven with all human 
history, and our picture of the physical world is 
one of the triumphs of thought. Both the present 
picture and the story of how we came to it and 
how we are now extending it are an essential part 
of our culture. We need some understanding of 
both the state and the process of physical science 
to live effectively in our world. The future lawyers, 
doctors, politicians, and ‘candlestick makers’ 
should have an opportunity to learn how science 
evolves. 

The general report of the Physical Science Study 
Committee includes the following statement of spe- 
cific aims: “(1) To plan a course of study in which 
major developments of physics, up to the present 
time, are presented in a logical and integrated 
whole; (2) to present physics as an intellectual 
and cultural pursuit which is part of present-day 
human activity and achievement; and (3) to assist 
physics teachers, by means of various teaching aids, 
to carry out the proposed program.’ The course 
of study now being prepared by PSSC embodies 
these aspirations. 

Almost without exception, the members of this 
committee would prefer to say “the physical 
sciences’”’ wherever the word “physics” appears in 
the statement of aims; at minimum, they would 
like to combine physics and chemistry. But no 
reasonable account of both subjects can be pre- 
sented in less than two years. As a consequence, the 
committee decided to concentrate its efforts pri- 
marily on physics, although chemistry is included 
where it fits naturally into the development of ideas. 
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A similar revision of chemistry is left to another 
time (and the integrated, two-year course in physi- 
cal science to that undetermined future when such 
a course will be practical). 

Physics is usually an elective course, given in the 
11th or 12th grade. As an initial goal the PSSC 
program is directed to the group of students now 
taking physics in secondary schools. 

Finally, the committee is well aware that school 
science departments must run on budgets. The 
article by Professor Zacharias in this issue of The 
Science Teacher spells out in detail how the budge- 
tary problem is being met in regard to laboratory 
equipment, where it is likely to be most acute. 
Other revisions to be proposed by PSSC will not 
involve secondary schools in unrealistic expense. 

The PSSC course begins with a general intro- 
duction to the fundamental physical notions of 
time, space, and matter: how we grasp and how 
we measure them. As the student learns of the 
almost boundless range of dimension from the im- 
mensely large to the infinitesimally small, from 
microseconds to billions of years, he also finds out 
how these magnitudes can be measured and that 
instrumentation is simply an extension of his senses. 
We can thus teach measurement in order to answer 
real questions raised while we present the relative 
sizes of atoms, us, our world, the solar system, and 
the galaxy by more than mere assertion. This intro- 
duction anticipates qualitatively most of the rest 
of the course. The student should be led imper- 
ceptibly to realize that physics is a single subject 
of study—time, space, and matter cannot be sepa- 
rated—that it is a developing subject, and that this 
development does not take place outside our own 
intimate world. It is the imaginative work of men 
and women from whom the student does not 
noticeably differ. 

From this introduction, the 


student should 


The SCIENCE TEACHER 





GA POR 


emerge with a sense of the high adventure of 
physics and with some of the equipment he must 
have if he is to participate in that adventure, either 
through his career or as an intelligent citizen in a 
science-minded world. After looking at the broad 
picture, we start to examine it in more detail. Here 
we begin with light. There are many reasons for 
this choice rather than the more usual choice of me- 
chanics. Light is a concept with which the student 
is immediately and convincingly familiar. He has 
seen rainbows, oil slicks, lenses, and the bent stick 
in the pond; he is prepared to accept light phenom- 
ena as something well within his ordinary experi- 
ence. We live by light. The study of the manner 
in which light behaves can proceed by easy steps 
and can be supported by laboratory work that is 
at once simple and rigorous. It draws on the 
simplest of mathematics: simple geometric dia- 
grams. 

As it led historically, the natural development 
of the subject leads us first to explore certain laws 
such as Snell’s law, and then to the development 
of a particle theory of light, which attempts to put 
an explanatory picture behind those laws. We 
distinguish broad physical theory from narrow 
physical law. Through careful investigation of 
light, the discussion illustrates the manner in which 
virtually all scientific knowledge develops. Under 
our continued scrutiny, the simple particle picture 
proves inadequate, and the student is led to con- 
cede that before we can proceed usefully with the 
study of light, we need to understand wave 
phenomena. 

It is not a question of presenting waves as com- 
plex dynamical systems. The student observes the 
behavior of ropes and ripples. Studying this be- 
havior, particularly under controlled conditions in 
the ripple tank, he learns to recognize a group of 
characteristics that constitute wave behavior. We 
then find these same characteristics in the behavior 
of light. Thus, at the end of this portion of the 
course, the earlier problems concerning the nature 
of light are resolved. At this point, as at others, we 
notice the new questions that inevitably arise from 
what we learn: what is the medium for light that 
acts like water for ripples? We raise such problems 
to show the open-ended nature of physical thought. 

During this portion of the course, which occupies 
approximately the first half year, dynamical con- 
siderations are subordinated. At most, dynamics is 
treated descriptively. The principal emphasis is on 
the kinematics of our world: where things are, how 
big, and how they move, not why. The second half 
of the course now embarks on a study of dynamics. 
Newton’s laws connect motions with forces. Not 
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only can they be used to predict motions when 
forces are known, but they can inform us about 
forces when motions are observed. Thus we tell the 
extraordinary story of the discovery of universal 
gravitation. We also introduce the conservation 
laws, and they form a substantial portion of this 
section of the course. We stress their wide appli- 
cability and their use in situations where detail is 
inaccessible, such as cosmic ray collisions and the 
kinetic theory of gases. 

Again in this part of the course, we go over 
ground viewed earlier, and the student will discover 
that he can read new significance into familiar 
material. Once again he will be impressed with the 
cyclical nature of the study of physics and with the 
constant refining process to which we subject physi- 
cal knowledge. In the introductory section of the 
whole course, and again in the kinetic theory, we 
deal with submicroscopic particles. We now treat 
electricity as one of the fundamental characteristics 
of these particles. Currents, moving charges, and 
magnets are studied. Through the induction laws 
we arrive at the possibility of electromagnetic waves 


A standing-wave model, made of drinking straws and thread, is 
demonstrated by Darrel Tomer of the Hanford (California) High 
School. 
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—a subject we can only sketch. The experimental 
facts, however, clearly tie the electric phenomena 
to the electromagnetic spectrum. Another great 
circle is closed, binding dynamics, electricity, optics, 
and waves in a single embracing picture. 

The apparent completeness of this picture is 
denied by the photoelectric effect, but a more com- 
plete picture emerges before the end of the course. 
Through the discrete interactions of light with 
matter, we see photons; and through the photons 
and the experiments of Franck and Hertz on excita- 
tion, we see energy states in atoms. Our job is to 
describe both the wave patterns and the individual 
events that resemble the action of particles. This 
is nature and not, as is often said, a “contradiction.”’ 
Instead of fighting straw men, we put the emphasis 
on describing nature. As de Broglie pointed out, the 
existence of wave-like and particle-like aspects of 
light suggest that there may be wave-like aspects of 
the behavior of matter. We can now show the wave 
nature through the same wave properties we found 
many times in our earlier wave discussion. The 
standing matter waves finally give the explanation 
of the energy states. 

Let us look back for a moment and see how the 
wave concept, for example, pervades the course, 
and is used to deepen the student’s understanding 
of science. In the introduction to the course, the 
identifying colors of characteristic spectra are used 
simply as evidence of the existence of elements and 
atoms. Next, in the study of waves, we identify 
spectral color with frequency. Then in mechanics 
and electricity, when we lay the basis of the Ruther- 
































A bench-made range finder. 
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ford model, the introduction of photons changes 
frequency to energy. This permits us to associate 
spectra with the atom as a picture of its energy 
states; and the Bohr model results. Matter waves 
then finish the picture. The concepts of energy 
states and wave phenomena then carry us into the 
new realm of nuclear physics, where we are also 
able to examine the outstanding evidence that 
E = mc’, and to understand the basis of nuclear 
fission and fusion. 

In this course the logical unity of the subject is 
apparent. This integration of knowledge makes it 
possible for understanding to aid memory far more 
than usual. In addition, the integration of ideas 
gives the student the sense of a continuing develop- 
ment which in itself is intellectually exciting. The 
repeated appearance of certain concepts, such as 
submicroscopic particles, is essential. So also is the 
patient and detailed treatment of certain subjects. 
We explore parts of optics, mechanics, and atomic 
physics more deeply than usual in order to show 
how we develop a field of thought. The price is 
subordination and even omission of many subjects 
commonly covered in high school courses. Heat 
and sound are not treated as independent subjects, 
but more nearly as examples: sound as an example 
of waves, heat as related to kinetic theory and to the 
conservation of energy. Hydrostatics and hydro- 
dynamics are out. Technological applications are 
cut far back at all points. 

Such radical omissions are necessary. In fact, 
the committee’s deliberations began with pleas from 
science teachers to reduce substantially the sheer 
bulk of the current physics course in order to fulfill 
its purposes within the time allotted to the subject. 
The material that remains in our selection still 
leaves a one-year course more crowded than the 
teacher would like. In the next phase of our work, 
we may learn where to cut still further. 

Learning where to cut and where to build up is 
not the only job that remains for the next phase. 
The course outlined above reflects the emphasis 
and objectives of the committee, but it does not 
pretend to be “the answer’ to good teaching of 
physical science. We hope to build it into an 
answer. How we hope to continue building is part 
of the subject of Professor Finlay’s accompanying 
article. Where we are now, however, is not fully 
explained by the summary of our present ideas on 
course content. We have also tried to see how 
these ideas may be efficiently embodied. 

To get the material across, we believe the re- 
sources of classroom, laboratory, and textbook 
must all be utilized. Work has already been going 
on to examine how each medium of' teaching can 
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contribute. To put the material down and to look 
at it critically, we have written a preliminary text. 
This text was developed simultaneously with lab- 
oratory experiments; and although the text should 
be able to stand as nearly as possible on its own, 
it is written with laboratory work in mind. For 
example, teaching about waves by words alone is 
ridiculous. More information about the laboratory 
work is found in Professor Zacharias’s article. 

Often there are alternative ways of approaching 
a subject, and the questions raised by the study 
of a particular subject can be partially foreseen. 
To help teachers decide how they wish to discuss 
a subject and to prepare for the questions, we have 
collected the thoughts of teachers and authors in 
the beginnings of a teachers’ resource book that 
we hope will grow and take more definite shape 
over the coming year. At the same time the present 
laboratory and text materials will be being used 
to start us on the improvements which will inevi- 
tably be needed. 

Eventually we wish to make the visual repre- 
sentation of the subject more vivid by the use of 
motion pictures and filmstrips. Exploratory films 
have already been made and a large amount of 
work will be devoted to producing appropriate 
films in the coming year. They should relieve the 
teacher of some of the burden of demonstration 
by showing the unavailable and the expensive in 
the context of course. They cannot replace him or 
rob him of time necessary for discussion. 

In addition to those often-covered topics that we 
believe have to be omitted, there is a wide stretch 
of other fascinating topics, many of which are 
within the grasp of interested high school students 
and which should be available although they are 
not part of any formal course. With this need in 
mind, the committee has started to prepare an ex- 
tensive library of “monographs” dealing with ma- 
terial omitted from the course, with related fields 
like biophysics, with technology, the history of 
physics, and the lives of noted physicists. These 
monographs will be written specially for high 
school students. They will be available to the 
teacher who wishes to teach more, and to the 
student who wishes to learn more. Taken in their 
entirety, it is hoped these monographs will con- 
stitute an authoritative, readable library of science, 
available to the school or the student at a modest 
price. The committee has been fortunate in at- 
tracting a first-rate editorial board to see that the 
monographs are both readable and accurate. They 
have already signed up a number of excellent au- 
thors. 

So far about a hundred people, mostly teachers 
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Wave motion is demonstrated on the “slinky’’ by Mr. Tomer to 
David Woodbury of Educational TV Station WGBH in Boston. 


of physical science, have contributed greatly to the 
work of PSSC. Far more have been of occasional 
help. To succeed in our aim will require much more 
work, but we recognize that we can make a real 
advance in teaching physical science. 


The ripple tank being put into operation. 
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Into the Laboratory... 





By JERROLD R. ZACHARIAS 


Professor of Physics I 
Massachusetts Institute of Technology s 


|* DEVISING A NEW PHYSICS syllabus for 
the secondary school, the Physical Science Study 
group responsible for laboratory and demonstration 
apparatus shares all the problems of the textbook 
and film groups, and can offer several additional 
problems of its own. 

The apparatus, of course, must be closely co- 
ordinated with the text, and the textual revision 
that is taking place must be accompanied by a 
thorough-going laboratory revision. As preceding 
articles in this report have made clear, the new 
course will rely considerably on wave motion. 
Much of the first half year will be devoted to 
waves, and much of the second half year will depend 
upon the student’s ability to handle the concepts 
of wave motion and wave behavior. If this is to 
be accomplished effectively, the student must not 
only read about waves and watch waves; he must 
himself put waves through their paces. Only so 
much physics can come through the eyes and ears; 
the rest must pass through the hands. 

These considerations apply equally to the funda- 
mental particles, the second area of physics that 
the course will stress. Here, too, the apparatus 
group is exerting a major effort. For both waves 
and fundamental particles, laboratory material 
must start almost from scratch, for these are exactly 
the areas with which existing laboratory material 
is least prepared to cope. 

The problem would be difficult enough if it en- 
compassed only the content of the course. But, 
beyond this, the matter of cost must be kept con- 
stantly uppermost in mind. Laboratory equip- 
ment constitutes a major expense for a secondary 
school, and a course such as this, dealing with 
waves .and particles in some of their most subtle 
and most delicate aspects, could easily pile up an 
equipment bill that would stagger the most gen- 
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erous school board. The work of the apparatus 
group was initiated with this fact firmly in mind. 
All costs have been measured in dimes and dollars; 
the expenditure of a ten dollar bill must be justified 
and rejustified before it is conceded; the higher 
denominations are spoken of only in jest. 

Almost all the apparatus is designed to be built 
by the students themselves, either in the laboratory 
or (in rare instances) in the school’s shop course. 
The building of apparatus is as much a part of 
physics as its judicious use, and the procedure is 
justifiable on these grounds alone. Beyond this, 
it makes it possible to provide extremely useful 
apparatus at prices that most teachers will find 
almost unbelievable. 

The work of the apparatus group thus becomes 
a process of invention. It has been necessary to 
design entirely new experiments, using entirely 
new equipment. The equipment must be such that 
it is common to many experiments, and can be 
built from materials that are cheaply available. In 
practice, this last requirement has lead the group 
to seek materials that are in mass production for 
purposes other than pure science. An excellent 
example is the small six-volt motor, manufactured 
by the millions to power toys. These are excellent 
motors, and can be bought for a dollar or less. The 
apparatus group has already found a hundred uses 
for them, and finds more each day. 

Finally, the conventional requirements of sec- 
ondary school apparatus must be met: equipment 
must be easy to assemble, easy to disassemble, and 
must lend itself to economical storage. 

The school laboratory for which all this is de- 
signed is expected to provide benches, 110-volt AC 
current outlets, and power supplies that will con- 
vert the current to provide up to ten amperes at 
six volts, or fractional amperage at 300 volts. In 
those experiments where greater voltages are called 
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for they will be reached electrostatically, and am- 
perages will be negligible. 

From this background, a new fact of immense 
significance emerges. The restrictions that the group 
has imposed upon itself have one immediate con- 
sequence: it is that almost all the equipment 
designed for the course can be built by the student 
for his personal use, at a cost that the average 
student can easily meet. There will be little the 
student will use in his school laboratory that he 
cannot duplicate in his garage or cellar. There 
he can modify, elaborate, or redesign an experi- 
ment, and set up “doing physics” on his own. For 
the ordinary student this fact is perhaps of little 
importance, but for the boy or girl whose nature 
it is to respond actively to the material in the course, 
it opens up endless horizons of excitement and ad- 
venture. 

Pertinent here are descriptions of some of the 
equipment that has already been designed and built. 
The most important of these to date is the ripple 
tank. 

This device will be central to the first part of 
the course. Waves can best be understood by the 
high school student if they are somehow mate- 
rialized. Waves on ropes and waves on ponds con- 
stitute an admirable beginning, but 





almost im- 
mediately it is desirable to submit such waves to 
carefully controlled observation. For this purpose 
a ripple tank is admirably suited. Unfortunately, 
ripple tanks are ordinarily priced at $100 or more. 


The ripple tank ready for operation with two point sources. 










































































A working stroboscope, which can be built in class (or out) at 
a cost of less than a dollar. 


The tank devised by the group is made of an 
ordinary window frame into which a pane of win- 
dow glass is set. It is mounted on a wooden frame- 
work or on cinder blocks. Under the window pane, 
a 100-watt bulb is set and over it a sheet of paper 
is stretched; ripples on the surface of the water 
thus appear as shadows on the paper. The water 
surface itself can readily be two feet square or 
larger. 

The driving mechanisms, for either plane or 
spherical waves, are made of wood, wire coat- 
hangers, and ping-pong balls, and powered by the 
six-volt motors. Altogether, the most lavish ex- 
penditure that can possibly be made for the mate- 
rials that go into the device will amount to six or 
seven dollars. Two or three students can assemble 
it for the first time in an hour or so, and reas- 
semble it in minutes. 

With this tank it is possible to demonstrate plane 
and spherical pulses and periodic waves, reflection, 
refraction, diffraction, and interference patterns; to 
measure wave lengths and frequencies; and to 
elucidate the principles behind lenses, telescopes, 
and spectroscopes. 

The ripple tank differs from other equipment 
developed for the course primarily in that at six 
dollars it is more expensive than most. A strobo- 
scope designed for quantitative work will cost less 
than a dollar, a Michelson interferometer a few 
dollars. A microbalance capable of weighing a 
fly’s wing is designed to be built of a drinking 
straw and needles, at a cost of pennies. Other 
devices being developed at costs of the same order 
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of magnitude include cloud chambers and titanium- 
ion vacuum tubes. 

Similar work is being done on the construction 
of models for demonstration purposes. Like the 
apparatus, these are designed to be built by the 
students for the school, to be stored for reassembly 
each year as they become pertinent; these, too, 
are in the range of ten dollars or less. One such 
model will demonstrate the concept of molecular 
chaos, using marbles and revolving wooden vanes 
(powered again by the six-volt motor). Another 
model will demonstrate the processes of nuclear 
scattering. 

The fact that all this is possible constitutes in 
itself a real discovery that could scarcely have been 
anticipated when the work began. As the field of 
the possible has been enlarged, the enthusiasm of 
the laboratory group has grown with it, and the 
program of the group now extends far beyond the 
range for which it was originally gathered. It is 
now clear that just as the textbook will be extended 
and amplified by monographs, the laboratory ap- 
paratus will be widely extended by the preparation 





of “do-it-yourself” experiments, ranging far be- 
yond the material covered in the course. The 
student who is attracted by the monographs will 
have also available a whole series of experiments 
which he can build and work with, in school or out. 
They will be well within his grasp intellectually, 
mechanically, and—perhaps most important of all 
—financially. And they are not toys; they are 
real instruments of physical research, with which 
a bright student can retrace the work done by great 
scientists of the past, and perhaps take his first 
steps toward work of his own. 

None of this, of course, is the work of a day or 
a month. The development of apparatus along 
these lines has only begun, and will continue for 
several years. During this period, it is hoped that 
the collective experience of the teaching profession 
will be steadily available to the PSSC apparatus 
group. The outcome, in which all science teachers 
will be able to share, will be a laboratory course 
that reveals something that people do with their 
hands and their minds—and something that is as 
enjoyable as it is worth-while. 


Ripple tank with one of its two point sources in operation, producing simple waves in concentric circles. For a more complex 
pattern, produced from two point sources, see front cover of this issue. 
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What Are the Questions 


By GILBERT FINLAY 


Assistant to the Dean 
College of Education, University of 


7. PHysicaL ScrENCE Stupy COMMITTEE is 
engaged in a monumental task. It has at- 
tracted the effort of many men of varied talents. 
In its effort to present physics lucidly and vividly, 
it hopes to draw on the experience and imagina- 
tion of many others. They are needed for, as 
PSSC is clearly aware, this is not a simple task of 
designing or redesigning physics curriculum. Trial- 
and-error testing is almost sure to produce, if not 
setbacks, at least unforeseen problems. PSSC must 
educate, too, as it carries on its work. Already 
teachers are asking questions. Some are plain re- 
quests for facts; others go deep into clashing prin- 
ciples of teaching. 


For Whom Is the Program Intended? 


As a beginning, the program is addressed to ap- 
proximately the same secondary school group as 
now takes physics—about 25 per cent of the stu- 
dents who stay in school through the 12th year. 
It is not intended as an “advanced’’ secondary 
school course. What is recognized and hoped is 
that the program may prove to have broader ap- 
plications. 

The program is intended not only for the physics 
training of the future scientists but also for the gen- 
eral education in science of students looking ahead 
to nonscientific careers. Initially, the grade place- 
ment of the program is expected to fall normally 
in the junior or senior year of the secondary school. 
Whether it can be moved downward will be studied. 

PSSC hopes that, in addition to finding applica- 
tion in schools now teaching physics, its program 
will make it possible to teach physics in some 
schools that, because of small size, have not been 
able to afford physics courses. The simplicity and 
relatively low cost of the PSSC equipment, together 
with the comprehensiveness of the teaching mate- 
rials, are important in this regard. 
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Illinois 








Several teacher education institutions have ex- 
pressed interest in the PSSC program in terms of 
its relationship to their work. These applications, 
perhaps others, will be studied when the committee 
is satisfied that it has approximated its initial goal. 


What Is the Level of the Course? 


How “hard” is the course? PSSC knows that, 
in some senses, its program will be regarded as a 
more difficult course than some standard courses. 
This the committee accepts. It would add that it 
expects its program to be stimulating. Improved 
exposition and illustration, a sense of getting nearer 
to the “bottom of things,” pertinent demonstration, 
challenging experiment, and the availability of 
multiple resources should contribute to greater 
motivation on the part of students. They are also 
expected to contribute to greater satisfaction on the 
part of teachers. 

The program will be regarded as radical by some. 
If so, this is not because the committee deliberately 
sought to be radical, but because it found that new 
approaches were needed to achieve the PSSC aims. 

Because much of the content of text, demonstra- 
tion, and experiment is novel, PSSC is approaching 
questions as to the level of difficulty with care. 
During the past summer and earlier, there has been 
much debate as to whether this subject or that ex- 
position was appropriate for high school students. 
The procedural answer thus far has been to be 
careful not to underestimate what can be done with 
a challenging program. Within the limits of time 
and of working outside a school situation, physi- 
cists and teachers are putting materials in the best 
form possible. At the same time, they are being 
careful not to settle for too little. This has been 
done with the clear knowledge that some parts may 
be too difficult; some, perhaps, too elementary. 

After the initial round of production, PSSC will 
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use its materials in a few schools to refine its 
product and move ahead to a better approximation. 
The committee expects to stay with its work until 
its materials are both consistent with its aims and 
adaptable to secondary school teaching. 


What Is Being Done Now? 


During the current school year, two principal 
types of activity are being carried forward. First, 
there is much original development yet to be ac- 
complished. Second, those elements of the pro- 
gram now developed will be classroom-tested in 
a few schools. 

The use of its materials in schools this year is 
not the result of any PSSC belief that the program 
is complete and ready for extended use. It is being 
done because the committee members recognize that 
evaluation of the materials in a teaching situation 
is a necessary step in their refinement. 

The teachers using PSSC materials during the 
current year have assumed a significant responsi- 
bility. Because the materials are tentative, be- 
cause they are—in some cases—marked departures 
from what has been conventionally taught, these 
teachers will be subject to unusual preparation re- 
quirements. Each of the teachers has worked 
through the past summer, and in some cases through 
last year, with the project. Each will teach through- 
out the year in close contact with physicists and 
other project personnel. The purpose of this is to 
help the teacher both prepare and evaluate what 
happens in his classroom. 

Through visitation, conference, recordings, and 
reports, the classroom results will be closely studied. 
This will lead to the revision of existing materials 
and to the further definition of materials to be 
developed. Especially from these classrooms will 
come information leading to the further develop- 
ment of the teacher’s manual and many guides for 
institute programs of teacher education. 


How Will the Project Materials Be Disseminated? 


By the beginning of the 1958-59 school year, 
PSSC expects to have advanced its program to a 
degree of completeness and quality that will permit 
limited tests of the over-all program and limited 
distribution of its materials. 

The breadth and elements of newness of the pro- 
gram will, initially, make unusual demands upon 
teachers who wish to use the materials. During 
the summer of 1958, the committee anticipates that 
there will be a small number of summer institutes 
for teachers interested in becoming acquainted with 
the objectives of PSSC and using the materials on 
a trial basis. The location and program of these 
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institutes will be announced as part of the regular 
Summer Institute program of the National Science 
Foundation, probably in December 1957. For the 
following years, plans are being considered for 
year-long institutes for more intensive supplemen- 
tary preparation of teachers. PSSC hopes to ar- 
range for demonstration classes in connection with 
the institutes. 


Where Does Mathematics Fit? 


In the development of a new, comprehensive 
educational program, a number of related problems 
and considerations invite attention. For example, in 
PSSC, where does mathematics fit? 

Considerable study is required of the relationship 
of mathematics to the teaching of secondary school 
physics. Initially, it is assumed that the physics 
student typically will have had two years of high 
school mathematics but that much of the mathema- 
tics required may need to be reviewed or taught. 
Certainly, mathematical ideas peculiar to the think- 
ing of the physicists will be included. For example, 
where a rich intuitive rate of change is sought, it 
will be taught directly. In its future work, PSSC 
will be seeking a better definition of the optimum 
mathematics background for secondary school 
physics. 

In relation to other courses in the curriculum, 
the PSSC monograph series will, PSSC believes, be 
a literary as well as physics resource. The mono- 


A lens in a ripple tank: a curved glass surface reduces the depth 
of the water and focuses the water-waves that pass over it. 
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graphs will provide history, biography, philosophy, 
and exposition which should be of auxiliary im- 
portance to teachers of English. The committee 
hopes to get physics teachers and English teachers 
to consider jointly the kinds of English activities 
which would make sense to both. 


What Are the College Relationship Problems? 


This is a question which the committee has 
frankly faced. Certain general steps have been 
taken. PSSC is considering the relationship of its 
developing program to colleges and universities. It 
is taking steps to acquaint appropriate college and 
university personnel with the program. With 
college and university admission officers, PSSC is 
considering what, if any, supplemental information 
may be needed for students who study physics 
under the new program. 

This is, however, a far more penetrating question. 
It is recognized that many professors of college 
freshman physics may tend to be more conservative 
in their attitude toward the PSSC-proposed course 
than their high school counterparts. It is PSSC’s 
challenge to alert these professors to the purposes 
and nature of the course in such a way that it will 
gain both a sympathetic understanding and real 
enthusiasm for what it is, what it seeks to achieve, 
and its potential contribution to providing the most 
effective science teaching. 


Refraction in the ripple tank: the tank is progressively shallower 
from left to right, and plane waves are therefore curved toward 
the shallower portion, where the wave travels more slowly. 
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One avenue of communication on which headway 
is being made is worth noting. This is channel- 
ing of knowledge about the study through the 
American Association of Physics Teachers. 

A key to the progress of PSSC must lie in evalua- 
tion. It is essential that, as the program develops, 
both its strengths and its weaknesses be carefully 
assessed. In this, the committee has the coopera- 
tion of the Educational Testing Service, of Prince- 
ton, New Jersey. It is anticipated that end tests 
or achievement examinations will be designed to 
evaluate the results of the course as compared to 
the present so-called “standard” high school physics 
course. 

PSSC frankly admits that its proposed course 
may leave large gaps in physics students’ learning 
when viewed in the light of the current standard 
course. The question the committee seeks to an- 
swer is: Will the new course give insight, under- 
standing, and the ability to use ideas to its students, 
as it aims to? Will it—and this is part of the same 
question—substitute the desire to think things 
through for the rote memorization that the stand- 
ard course too often teaches? 

An important phase of the college relationship 
question is: What happens to the PSSC-course stu- 
dent who must take college entrance examinations? 
There is no easy answer to this. The PSSC program 
aims to make knowledgeable science students. 
College entrance examinations are a measure of the 
same. One thing is clear in the minds of the 
committee members. There is no intent on the part 
of any of them, or anyone associated with the 
study, to attempt to hammer the proposed course 
into the school curriculum through the use of college 
entrance examinations. That is a truth in all phases 
of PSSC’s relationships with teachers and the teach- 
ing of science, at any level. If the PSSC-proposed 
course is to achieve its objectives, it can only be 
done if the schools adopt it on its own merits and 
without any pressure leverage. 

The questions and problems are here and will 
continue to arise. PSSC hopes to meet them and 
try to solve them as they develop. The committee 
has one end aim. It is to increase the perception 
and power of young people maturing in a culture 
in which science plays an increasingly important 
role. The final test of the program will be evident 
partially in the honest satisfaction of its many 
contributors. More important, it will be evident 
in the schoolrooms and laboratories, basement work- 
shops, and youthful minds which can be examined 
by physicists, educators, fathers and mothers, and 
students themselves—who pronounce it good. 
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By MOLLY S. ALTER 


Assistant Principal, Summit Lane Elementary School, Levittown, New York 


SCOATS is a coined word with particular signifi- 
cance in the Long Island community of Levittown. 
It is derived from what is more formally called a 
School Community Organization to Augment the 
Teaching of Science. 

SCOATS evolved from a plan worked out at the 
Summit Lane Elementary School in Levittown as a 
means of improving the teaching of science. The 
long-range goal was to help meet the nation’s need 
for more scientists and science teachers. With the 
approval of the school’s principal, Andrew M. Don- 
nelly, the author developed the program in this way: 


From names in the school’s “resource” file, scien- 
tists—for the most part, parents of children in the 
school—were contacted and asked if they would be 
willing to help the staff toward a better understand- 
ing of science materials and equipment. Their 
response was highly gratifying, and in the summer 
of 1955 they met with Mr. Donnelly and myself 
to formulate plans. 

This meeting was followed by a joint session of 
ten scientists and staff members of the school. The 
interest of the teachers was reflected by the attend- 
ance of more than 90 per cent of the staff although 
the meeting was entirely optional and was held 
during the summer vacation period. 

At this second session each scientist was pro- 
vided with a set of the basic science texts for grades 
1 through 6, in order to become familiar with the 
curriculum. In addition, at this meeting, the cur- 
riculum was divided into the following broad areas: 


1. Light and Sound 
2. Electricity and Magnetism 
3. Mechanics 
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4. The Universe 
5. Weather 
6. Life Sciences 


Subcommittees were formed, each consisting of two 
scientists and several teachers, to study these broad 
areas of the science curriculum. 

It was decided that an evening workshop would 
be prepared by each subcommittee for presentation 
to the entire staff. The subcommittees met seven 
or eight evenings in preparation for their workshop 


Cartesian diver demonstration of air pressure absorbs staff 
members of the Summit Lane School at a SCOATS workshop. 

































This second grade activity unit followed a SCOATS weather 
workshop at the Summit Lane School. 


Following a SCOATS workshop on mechanics, this third grade 
class is building simple machines out of milk containers. 


A SCOATS scientist discusses meteorology in a fifth grade class 
at the Summit Lane School. 

















presentation and they constructed these workshops 
to include theory, demonstrations, and experiments. 
Ample time was provided for manipulation of the 
materials and equipment by the entire staff. 

It was a most successful program and its effect 
on the science activities in the classroom was soon 
apparent. Teachers (particularly women) who pre- 
viously had thought that handling a dry cell was 
comparable to being electrocuted were soon wiring 
up doll houses with lights and bells; during Hal- 
loween, pumpkins were lighted by bulbs instead of 
candles. Cans were heard collapsing in many 
rooms and “everyone was talking about the 
weather.” 

The traffic around the science equipment closet 
was heart-warming and microscopes, magnets, in- 
clined planes, prisms, tuning forks, and the plane- 
tarium, to name just a few, no longer gathered dust. 

In its second year the program continued with 
a slightly different orientation. The scientists as- 
sisted the administration in ordering science mate- 
rials and equipment under the school’s annual 
budget allotment. A two-point in-service training 
course, which met one evening a week, was con- 
ducted by the SCOATS scientists to familiarize the 
staff with the explanation and demonstration of 
the new science materials. 

We are fortunate to have, among our parents, 
scientists from both industry and universities, in a 
broad variety of scientific fields. The group includes 
the following: 


1. Physicist 

2. Physical metallurgist 

3. Meteorologist 

4. Chemist 

5. Botanist 

6. Mechanical engineer 

7. Electronic engineer 

8. Astronomer 

9. Expert in the field of rockets and guided 
missiles 


10. Experimental psychologist 

Several of the scientists are available, occasion- 
ally, to come into the classrooms to work directly 
with the children. With a natural curiosity about 
their environment, even at a very early age, children 
need no motivation. But their interests need to be 
encouraged and, above all, nurtured. A scientific 
attitude, observing phenomena, and performing 
simple experiments are within the scope of even 
kindergarten children. 

The ability of five-year-olds to absorb scientific 
information was borne out by a discussion which 
one of the scientists carried on for almost an hour, 
on the subject of characteristics of species in a 
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A SCOATS workshop on the life sciences helped ease the typical aversion to mice on the part of distaff members of the faculty. 


kindergarten class. The children amazed the school 
staff by their complete absorption and our notions 
of the attention span of five-year-olds were drasti- 
cally altered. 

The response of the parents and the community 
was most rewarding. The PTA purchased a weather 
station for the school. Classes will soon be pre- 
dicting the weather. At present, they take readings, 
draw graphs, learn many new words, and, in gen- 
eral, continually correlate their science activities 
with mathematics and the language arts. 

The SCOATS program has received a great deal 
of publicity both in local newspapers and in large 
metropolitan newspapers. As a result, requests for 
more information have come from Texas, Ohio, 
Virginia, Alabama, and Washington, D. C. The 
general pattern of the program could be followed 
in other communities with modifications to suit the 
specific needs and ‘or resources available. 
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A SCOATS scientist's discussion of the characteristic of species 
captures the interest of kindergarten pupils at Summit Lane School. 
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WARNING—PROCEED WITH CAUTION 


By ROBERT P. SHREVE 


Science Coordinator, Austintown, Ohio, Public Schools and Director, Austintown-Fitch-TriCounty Science Fair 


Fc co-curricular activities have exceeded the 

phenomenal growth of the science fair in the 
United States in recent years. Such a great number 
of fairs have come into existence that virtually 
every school in the nation has access to a local, 
regional, or state fair. There can be little doubt 
that this movement has been a marvelous stimulus 
for developing interest and popularizing science. 
Project building seems to be one of the outstanding 
ways of providing a challenging situation for the 
gifted student and extending science beyond the 
classroom. These activities should continue to 
receive encouragement. 

The quality of many exhibits and projects seen 
at these fairs is remarkable. Competition for 
awards and recognition has become so keen in 
some areas that an exhibit must be almost pro- 
fessional in nature before it receives notice. It ap- 
pears, in some instances, that the desire for recog- 
nition has become so great that more attention is 
given to the presentation of the project than to the 
research and development of it. 

Possibly it is time for a reappraisal of the values 
and purposes of science project building. Perhaps 
a premium is being placed on the product at the 
expense of the process. Perhaps skill in the in- 
dustrial arts is becoming more important than the 
development of scientific understandings. This is 
not to imply that the development of skills is 
undesirable, but only that it is not the most im- 
portant element in project building. 

For a project to be of real value to its builder, 
a number of elements should be present, the most 
important of which is the knowledge and under- 
standing of scientific principles achieved by the 
builder. What scientific value is there in building 
a project in which the builder merely follows in- 
structions and actually learns little or nothing of 
the principles involved? Having recognized the 
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importance of determining the extent to which this 
element is developed, some fairs have devised rules 
wherein it is necessary for the exhibitor to make an 
oral presentation of the project to the judges. This 
gives the judging team an opportunity to evaluate 
the knowledge gained and becomes a major factor 
in the rating of the project. 

Sometimes questions pertaining to the project or 
the related field are asked by the judges as a means 
of further evaluation. Occasionally it has been 
evident that the presentations made by some ex- 
hibitors are, in fact, well-rehearsed speeches, pos- 
sibly prepared by some well-wisher who wanted a 
particular protege to receive recognition. Question- 
ing by the judges has revealed that little knowl- 
edge about either the project or the field is under- 
stood by the exhibitor. This type of practice is 
unfair to the other contestants, and it is cruelly 
unfair to the real victim, the person who built the 
project but did not learn the fundamentals. It is 
tragic, also, to think of the time wasted by this 
student. A smaller amount of time spent in study 
might have been more profitable for the student 
in the long run. 

The real winner at a science fair is the partici- 
pant who gave his problem a great deal of thought, 
developed some ability in research techniques, ex- 
hibited creative ability in developing a method 
of presentation, and developed some skill in ac- 
tually building the project. Recognition may come 
to the scholar, but it is not his real aim. 

Primary interest in showmanship and a desire 
to win at all costs could soon cause a degeneration 
of this entire program. Unless the objectives of 
a science fair are kept clearly in sight, science fairs 
may receive the same criticisms that have been 
leveled at interscholastic athletics in some areas, 
where winning has become more important than 
“character building.” 
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IN REBUTTAL 


By DAVID KRAUS 


Chairman, Science Department, Far Rockaway, New York, High School 


| pens description of techniques for producing sci- 

ence fair winners by Maitland P. Simmons in a 
recent issue* of The Science Teacher unfortunately 
presents several implications which might place 
student science competitions in an unfavorable 
light. It would seem that the author was so im- 
mersed in the thoroughgoing details of his theme 
that he neglected certain broader considerations of 
which he would normally be aware. As a result, 
excessive emphasis is placed upon the extrinsic 
achievement of winning, at the expense of recog- 
nizing the intrinsic value to students of the creative 
activities involved in a completed pupil entry. 
The comment of one parent was, “If my son pos- 
sessed the qualities described by the author, I 
would encourage him to be a sales executive rather 
than a scientist.” 

The author’s enthusiastic introductory statement 
is open to question: ‘““More and more science teach- 
ers of our secondary schools are asking, ‘How can 
we produce more science fair winners?’ ” 

It is my belief, rather, that our teachers are 
asking, “How can we stimulate more and more of 
our pupils to engage in science projects so that 
they can gain experience in the methods of the 
scientist and develop enthusiasm in science as a 
career?” (The easiest way to produce more win- 
ners would be to give more prizes.) The winning 
of awards is an extra honor to the school which is 
doing a good job of instruction, but it is not the 
ultima Thule ; nor is it the ultimate test of a school’s 
program of enrichment for superior students. 

When we examine the statements by teachers 
who have outstanding records for sponsoring award- 
winning students—and I think that we can consider 
these to be honest statements—we find little or no 
mention of prize winning as the goal of their proj- 


1Simmons, Maitland P.: 
The Science Teacher, 24:5, 


“Let’s Join the Science Fair Winners.”’ 
225-227. Sept. 1957. 
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ect work. Rather, these teachers are trying to 
train citizens who have appropriate science knowl- 
edges, skills, attitudes, and appreciations, and they 
aim to guide qualified pupils into science as a career. 

Consider, for example, the aims of Paul Kahn, 
now of the Bronx High School of Science (New 
York City), whose students won two cash awards 
and 31 honorable mentions in a single program of 
the Science Achievement Awards for Students. 
In describing * his procedures, he writes of a three- 
year sequence to “produce a steady stream of 
creative science students” and he tries to recog- 
nize and encourage pupils who “can perceive a 
science problem or project, original at least to him, 
and carry it through to a final conclusion.”’ (Italics 
Mr. Kraus’.) Although he gives statistics on the 
number of awards his pupils won, the main em- 
phasis is not on the winning of prizes but on the 
extent to which it is possible to unleash the sci- 
entific potentialities of youngsters. 

(Continued on page 356) 








2 Kahn, Paul: STAR Ideas in Science Teaching. 
Teachers Association. 1957. 


National Science 


Maitland P. Simmons’ article, “Let’s Join the 
Science Fair Winners,” in the September 1957 
| issue of The Science Teacher has evoked a num- 
ber of favorable reactions, received both by | 
the author and TST’s editors. However, there 
| is obviously another “side to the coin,” as has 
| been evidenced by manuscripts submitted to 
TST. In the interests of objective reporting, two 
| of these are printed here. Mr. Shreve’s article 
was submitted for editorial consideration about 
| the time Mr. Simmons’ piece was on the press. 
Mr. Kraus’ comments, on the other hand, were 
written as a rebuttal to Mr. Simmons’ September 
article. 
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America’s leading high-school text- 
book in biology, representing a con- 
tinuing effort by, Henry Holt and 


Company to present the best in 





science teaching. 





MODERN BIOLOGY is an outstanding example of the quality and teachability of all the other 
books in the Holt Science Program which has won nationwide acceptance in the field of science 
education: 


MODERN HEALTH LIVING THINGS 
MODERN PHYSICS SCIENCE 1 
MODERN CHEMISTRY SCIENCE 2 
MODERN PHYSICAL SCIENCE SCIENCE 3 





A complete program of correlating materials accompanies all Holt science text- 
books. A series of tests, free of charge, accompanies each workbook. Answer 
books and keys are supplied to instructors. All materials in the correlating pro- 
gram are carefully planned to aid learning and support modern science teaching. 











HENRY HOLT AND COMPANY 


| 383 Madison Avenue, New York 17 
400 N. Michigan Ave., Chicago 11 536 Mission St., San Francisco 5 
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) By DANIEL BECKETT 


Biology Instructor 


Hempstead, New York, High School 


Last FALL I purchased a Halloween cardboard a complete skeleton. I had three principal goals 
skeleton as a visual aid to assist me in teaching the in mind in connection with the project: 
skeletal system of the human body. At the time, 


art ' ; : 1. To supply our school with a skeleton as a per- 
I jokingly apologized for not having the real thing, 


manent motivating visual aid in biology. 


little realizing that this remark would set off a 2. To contribute a difficult and challenging project 

chain of events that would keep me and five other for willing young biological minds to puzzle over 

students busy for some months to come. 3. To bring together a team of gifted biology students 
The next day, Ted Creaser, one of my students, with a common goal. 


informed me that my Halloween skeleton could 
become a spectre of the past if I chose to accept 
an offer his father was willing to make me. Ted’s 
father turned out to be Chairman of the Biology 
Department at nearby Hofstra College and he was 
prepared to offer me four crates of unassembled 
human bones, none of them complete. From this 


It was indeed surprising and gratifying to dis- 
cover how many students wished to participate in 
the project when I first introduced the idea to my 
classes. Eventually, I selected five students (three 
boys, two girls). My final selection was based upon 
such factors as: 


unique collection, one could, with some persever- l. pice 2 yp future interests such as medicine, 
dentistry, : 
ance, conceivably sort out enough bones to con- entistry, OF engineering. — ue 
: 2. General aptitude and class interest in biology. 

struct a complete human skeleton ready for | an ee 

: Originally th h ae ‘ 3. Willingness to persevere (purely a subjective de- 
mounting. riginally these human bones came to cision on my part). 
Ted’s father from a medical school which was 
retiring them from active service because they “E Pluribus Unum” might well have been the 
were incomplete for study purposes. title of our initial endeavors because of the con- 


Needless to say, I accepted the offer and con- fusion of bones we had at our disposal. Of neces- 
ceived the idea of a student project to assemble sity, we divided into specialties by choice. For 
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example, two pupils tackled the task of assembling 
the bones in the hand. This alone was a formid- 
able task—which is evident when one realizes that 
each hand and wrist is composed of 27 small bones. 
Naturally, a great deal of study and research had 
to precede the first attempt at assembly. Ultimately, 
these bones reluctantly yielded the shape of a 
human hand. All bones had to be drilled, wired, 
and glued in order to maintain their desired shape. 

Other teams assembled ribs, feet, vertebrae, and 
long bones. The reconstruction of the 206 bones 
became at once a challenging engineering as well 
as biological puzzle. Every participating student 
quickly learned to distinguish between a carpal and 
a tarsal or a metacarpal and a metatarsal. 

We worked after school at first until we deemed 
it more practical to move “Mr. Bones,”’ as he was 
affectionately named by his creators, into the base- 
ment of my home in order to make use of Saturday 
mornings and holidays when school was closed. 

One zealous student brought Mr. Bones’ skull 
to her dentist where she was permitted to clean 
and polish the teeth after the dentist had cemented 
the loose teeth into the jaw. Never before did 
any skeleton’s 28 teeth gleam with such a smile of 
beauty. 

The local papers (Newsday and the Long Island 
Daily Press) heard about our project and gave the 
team some well-deserved publicity in the form of 
write-ups and pictures. 

Mr. Bones will soon be moved into a newly 
ordered permanent glass display case in our biology 
laboratory—a fine tribute to those young biologists 
who have so capably demonstrated for all to see 
that skill, perseverance, and research are their own 
rewards. 








As a regular feature of The Science Teacher, the calendar will 
list meetings or events of interest to science teachers which are 
national or regional in scope. Send your dates to TST’s calendar 
editor. Space limitations prevent listings of state and local 
meetings. 


November 29-30, 1957: Annual Convention, Central Asso- 
ciation of Science and Mathematics Teachers, Chi- 
cago, Illinois 

December 27-30, 1957: NSTA Annual Winter Meeting with 
science teaching societies affiliated with the American 
Association for the Advancement of Science, Indian- 
apolis, Indiana 

January 30-February 1, 1958: Annual Meeting, American 
Association of Physics Teachers in joint session with 
the American Physical Society, New York City 

February 20-22, 1958: Annual Meeting, the National As- 
sociation for Research in Science Teaching, Chicago, 
Illinois 

March 26-29, 1958: NSTA Sixth National Convention, Den- 
ver, Colorado 

April 24-25, 1958: 1958 Eastern States Health Education 
Conference, New York Academy of Medicine, New 
York City 

June 25-26, 1958: NSTA Annual Summer Meeting with the 
National Education Association, The Ohio State 
University, Columbus 


“Mr. Bones’ commands the incomparable interest of realism as pupils study his composition and functions. 




















By GEORGE C. TURNER 
Biology Teacher, Claremont, California, High School 


ONE OF OUR MOST PUBLICIZED OBJECTIVES in 
science education has come to be recognized and 
labelled as problem solving. Generally it is ac- 
cepted as being efficient as well as productive think- 
ing, but specifically it has run the gamut of semantic 
connotations. It has even been dismissed as noth- 
ing more than a synonym for the scientific method. 

The confusion engendered by such comparisons 
has undoubtedly deterred many a science instructor 
from becoming too concerned with its inclusion in 
his lesson planning. My purpose here is to present 
a fast growing concept of problem solving along 
with an illustration of its use in a recent class of 
high school biology. The following diagram is a 
model in which the reader can identify elements 
intrinsic with most problematic procedures. 
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/ EXPERIMENT 


Some or all of the techniques shown in this dia- 
gram may be incorporated in a problem-solving 
situation. The amorphous structure is to connote 
that no order is necessarily followed when actively 
solving a problem. The mental gymnastics our 
thought processes go through likely bear little re- 
semblance to the orderliness of a scientific method. 
This is not to say that a systematic treatment 
should be forgotten. On the contrary, an orderly 
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arrangement of steps taken in solving a problem is 
most appropriate when one reports on it or even 
when one plans an attack on it. This might be 
visualized as a superstructure within which the 
building elements are known but their precise loca- 
tion is not. However, as the structure takes form, 
the architect can better select and manipulate the 
materials at hand for the most desirable finished 
product. 

As helpful as a systematic approach may be in 
lending direction to the problem, the individual 
may unconsciously hop from analyzing a situation 
to concluding the results of his line of reasoning 
before he has even formed a recognizable hypo- 
thesis. This is believed by many students of prob- 
lem solving as being a more realistic description of 
our thought processes. In fact, some propose that 
we have not probed deeply enough into the work- 
ings of the human mind to be able to fully identify 
the various mental manipulations involved. This 
approach is implicit in Harvard University’s Ad- 
vancement Management courses approach to prob- 
lem solving. They commence with the admonition 
that no “principles” or procedures will be preached. 
Each student is to use his own methods to attack 
the various industrial problems presented." 

Dr. Joel Hildebrand * gave impetus to this con- 
cept of unpatterned thought in his Bamton Lectures 
delivered at Columbia University last year when he 
stated: ‘We proceed by common sense and ingenu- 
ity. There are no rules, only the principles of 
integrity and objectivity. .. .” 

(Continued on page 350) 


1 Stryker, Perrin, “Can Executives be Taught to Think?”’ 
Magazine, 1953, XLVII, 138-188. 

2 Hildebrand, Joel H., Science in the Making, New York: Columbia 
University Press, 1957. 
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Physics 


A High Density Liquid for Floating 
Glass, Marble, and Quartz 


By SANKARANARAYANA GIREESAN and ARCOT 
VISWANATHAN, Loyola College, Madras, India 


Most often, mercury is used in demonstration; 
of the floating of high density materials. Here 
are directions for using a “water-like” liquid for 
this purpose. 

Mix 65 g. of potassium iodide and 75 g. of mer- 
curic iodide in a china dish and add precisely 15 
ml. of pure water from a burette. Without apply- 
ing heat, stir the mixture with a glass rod persist- 
ently until the red salt disappears completely. 
When the solution is filtered, about 30 ml. of a 
clear liquid of light amber color are obtained. 

The solution is then equally divided among three 
tubes (6 by 1”) into which balls of marble, blue- 
glass, and quartz crystal are dropped. These can 
be seen to float in the liquid. To prevent evapora- 
tion of the liquids, the tubes must be tightly corked 
or sealed. 

The specific density of the solution of potassium 
mercuric-iodide (K.HgI,) as prepared above is 3.19 
at 23° C. while the marble, glass, and quartz have 
densities of 2.6, 2.6, and 2.65, respectively. 

The above was among the many science exhibits 
organized and sent by Professor L. M. Yeddana- 
palli, S.J., to the science fair held in connection 
with the centenary celebrations of the University 
of Madras in January 1957. 


Chemistry 


Storing Corrosive Reagents 


By CARLOS M. P. WIRTH, Control Laboratory, The 
Sydney Ross Co., S.A., Mexico City, Mexico 


In every laboratory, storing corrosive reagents 
in their ordinary containers is a constant problem. 
Contamination of adjacent reagent bottles, even 
the whole shelf nearby, oxidation of metal parts, 
etc., due to the fumes evolved, make such places 
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dirty looking and create the need of cleaning them 
very often. 

To cope with this problem, store such bottles in 
specially made polyethylene containers, which can 
be manufactured in various sizes according to the 
shape of the reagent bottle to be stored therein. 














In the accompanying illustration, the polyethy- 
lene container (or any other suitable plastic mate- 
rial, transparent or opaque) is provided with an 
inner sealed-in ring-wall (a) of-certain height. The 
absorbent material (calcium hydroxide, sodium 
bisulfate, calcuim chloride, etc.) is placed in the 
space between the container wall and the inner 
ring, whereas the reagent bottle is placed in the 
center. A similar trap (b) to be filled with the 
absorbent, can be molded in one piece with the 
cover of the container, so that even the fumes 
which may tend to escape may be absorbed easily. 
The cover can be provided with threads or can be 
made to slip tightly over the rim of the container, 
as is done with popular kitchenware. 


Physics 


Meeting a Challenge 
By ROBERT MORRIS, Fort Dodge, lowa, High School 


During the early units in a conventional physics 
course, the bright students often go without chal- 
lenge because many teachers proceed very slowly 
while trying to lay a sound foundation for the aver- 
age student. The following is an attempt to al- 
leviate this situation. 

Make a number of wax alloys in this manner: 
Using paper cups as a mold, pour one inch of wax 
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into the bottom of the cup and allow it to harden. 
Add a varying number of rivets to each cup; record 
this number, and then pour another inch of wax on 
top of the rivets. 

Allow this layer to solidify, then place a num- 
bered piece of paper face side up to identify the 
alloy. Pour a thin layer of wax on this paper to 
keep it in place. 

The alloy is now ready for use. The problem is 
to find the weight of the imbedded rivets. Every 
year one or two students work it out without any 
help, but the average student requires limited 
prompting. 

The solution is based on the following: 


(1) With two unknowns (mass of wax, mass of 
rivets), two equations are necessary. 

(2) The mass is equal to the volume x density. 
If x = vol. of rivets and 

y = vol. of wax 
these symbols may be inserted 
into the two equations to the right: 

Total mass —= mass, + mass. 
Total volume = vol., + vol.. 

By using x & y density to replace mass, solution 
is only a matter of a few mathematical steps. 

I usually suggest that students attempting this 
make use of the scientific method and start by col- 
lecting as much information about the alloy as 
possible. I provide samples of the “pure” wax 
and rivets. 

If necessary, after due length of time, I mention 
that it is possible to substitute V x D for mass. 
This usually provides the spark most students need 
to find the solution. 


Biology 


An Animated Mitosis Demonstration 


By RONALD O. KAPP, Botany Department, Univer- 
sity of Michigan, Ann Arbor 


While working as a graduate assistant in botany 
at the University of Michigan, I developed a device 
to show the steps of nuclei division, or mitosis, by 
modifying a rotating decorative lamp—the kind 
seen in many homes. 

This particular lamp consists of a central in- 
candescent bulb surrounded by two plastic cylin- 
ders. The inner cylinder is fitted with a metal disk 
containing slots and fins. As warm air from the hot 
bulb rises, the airstream is deflected by the fins, 
causing the plastic cylinder to rotate on the pointed 
metal pivot and jewel. As sold, the inner cylinder 
usually bears paintings of fish or butterflies which 
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appear to swim past the design painted on the sta- 
tionary outer cylinder. 




















SHORTENED OUTER SHIELD 


To prepare the mechanical device for demon- 
strating mitosis, the design on the outer cylinder 
was removed with an abrasive soap powder and the 
cylinder was shortened by about three inches. The 
propelling disk was then removed from the smaller 
cylinder and glued to a round piece of stiff card- 
board with a hole large enough to allow air to pass 
through the slots. The outside dimensions allow 
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COMPLETED DEVICE 


the propelling disk to fit snugly inside the top of 
the larger plastic cylinder. 

A strip of parchment paper was cut to fit inside 
this larger cylinder and the stages of mitosis, 
represented by nuclei and three pairs of morpholog- 
ically distinctive chromosomes, were painted in 
sequence on the paper with black enamel paint. 
The parchment was then fitted in the plastic cylin- 
der and the lamp reassembled, with the smaller 
cylinder being discarded. The larger cylinder was 
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used for the design because it provided a greater 
circumference. 

A piece of plain posterboard was fitted around 
the entire lamp, after being shaped as a cylinder, 
and the mitotic stages were observed in sequence 
through a round hole in the cardboard shield. 

Some difficulty was experienced in controlling the 
speed of rotation. A doughnut-shaped cardboard 
ring, with upward-projecting fins, was placed on top 
of the rotating cylinder, and slowed the rotation to 
the desired speed. 

This animated demonstration made an effective 
teaching display in the hall cases of our botany 
department. Such a device could be used effec- 
tively in biology for demonstrating sequential 
events such as mitosis, meiosis, embryological de- 
velopment, and plant and animal life cycles. It 
could be used in high school as well as college 
biology teaching, both as a classroom aid and as a 
display demonstration. The total cost of the device 
was less than six dollars and the alterations and 
adjustments can be completed in the short time of 
two or three hours. 


Physical Science 





Teaching Aids for Nuclear 
Energy 


By WAYNE H. KINCAID, Emmerich Manual Training 
High School, Indianapolis, Indiana 


In trying to dramatize some of the facts about 
nuclear structure a common marble mounted as 
shown in Figure 1 is useful. This marble, if nuclear 
material, would weigh 400 billion pounds (4 x 10”). 
This point can be emphasized also by choosing a 
member of the class who weighs about 200 pounds 
and indicating that, if he were compressed so that 
he was nothing but solid matter, he would be a 
speck just visible through a microscope. Since this 
speck has lost no weight, it would still weigh 200 
pounds. 


COMMON MARBLE 
GLVED 70 BOARD 
6x6" x 4 PLYWoop 
WOODEN Block I" Hi6H 


Figure 1. A common marble used to illustrate the weight of 
nuclear material. 


A pin mounted on a board similar to the marble 
shown in Figure 1 can be used to point out the very 
small size of atoms. The pin head contains 100 
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billion billion atoms (10"). If the nucleus of a 
hydrogen atom were enlarged to the size of the pin 
head, then the entire atom would be as high as a 
30-story building. A bit of black paint applied to 
the pin head makes it more readily visible. 
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Figure 2. Matchboard for showing a chain reaction. 


A touch of realism can be added to the discussion 
of a chain reaction leading to an atomic explosion 
by making a chain reaction matchboard. Bore 
4g-inch holes ¥ of an inch apart in a piece of ply- 
wood about eight inches square, leaving a border 
around the edge. Place a small wooden block 
about 1'4 inches high at one corner. See Figure 2. 
Put matches in each of the holes. The heads 
represent U-235 nuclei. The chain reaction is 
started by the “fission of one nucleus’’ by igniting 
it with a lighted match. The reaction then spreads 
across the board from match head to match head. 
A final touch is given to the reaction by placing on 
a piece of paper on the wooden block a mixture of 
14 gram of powdered magnesium and 34 gram of 
potassium chlorate. The flame ignites the mixture 
which results in an explosion and a mushroom cloud 
that is characteristic of an atomic blast. The flam- 
ing matches can be extinguished by covering them 
with the top of a cake pan or any available can of 
appropriate size. 
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Why do your best students 
gray your hair fastest? 


Straight-A student. Way ahead of the class. 
Going it alone in experiments of his own. 

One thing makes you breathe easier—you’ve 
provided the safest equipment for him to work 
with. That condenser, for instance. Condenser 
coil is carefully sealed in the jacket. Both have 
uniform, heavy walls. It’s Pyrex brand... 
very dependable item. 

The test tubes. They’re Pyrex brand, too. 
They outlast ordinary tubes, three to one. 

Not much chance of misreading the labels 
on those Pyrex brand reagent bottles. Perma- 
nent red lettering on an opaque, white field 
really stands out. 
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Good thing you use Pyrex brand. Smart 
buying, too. Made to take punishment, it breaks 
less. Costs less over the years. Less likelihood 
of accidents. 

We'd like you to have a copy of our new 
booklet, This is Glass. Sixty-four handsome 
pages explain what glass is, how it’s made, and 
where it’s used. Write for your free copy. 


CORNING GLASS WORKS 
77-11 Crystal Street, Corning, N.Y. 


Coming means research in Class 
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PYREX® laboratory ware 


... the tested tool of modern research 
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| UNITRON STUDENT AUTO-ILLUMINATION MICROSCOPE, MSA . 
racl 

| rest 

| The UNITRON Student Auto-lillumination Micro- “ 

| scope, Model MSA, employs a newly designed ii 


stand in which all components and controls are 
within easy reach. The inclined eyepiece tube 
allows comfortable posture and may be turned in AD 
any optional observing direction to permit two 
students sitting side by side to share a single 
instrument. With the built-in illuminating system of 
the superior low-voltage type, each student is 
assured of the correct lighting. The transformer is 
conveniently housed in the microscope base itself 
where it contributes to the stability of the stand 
rather than to the clutter of the laboratory table. 





Model MSA comes complete with triple revolving 
nosepiece and three objectives: 4X, 10X, 40X; 
three eyepieces: 5X, 10X, 15X; coarse focusing 
with safety stop; fine focusing; condenser and iris 
diaphragm; filter holder and filter; accessory sub- 
stage mirror; wooden cabinet and dustcover. 
Mechanical stage available at extra cost. 





UNITRON STUDENT MICROSCOPE, 


ser 
Despite its low cost, UNITRON Model MUS offers “ 
features lacking even in much more costly models Ce 
} usually offered for student use. For example, both Ce 
fine and coarse focusing are provided — not mn 
merely a single focusing control; an iris diaphragm on 
| to regulate aperture for highest resolution — not 
| merely a disk diaphragm; and a condenser system - 
for optimum illumination. 
| The optical performance of Model MUS at each 
| of its magnifications is equivalent to that of expen- 
sive research models. All mechanical parts are N 
machined to close tolerances and the stand is 
beautifully finished in black and chrome. Model d 
MUS comes complete with triple revolving nose- o 
piece and three objectives: 5X, 10X, 40X; choice - 
of two eyepieces from: 5X, 10X, 15X; coarse 
focusing (accessory safety stop available); con- 
denser with iris diaphragm; inclinable stand; plano- 
concave mirror; wooden cabinet and dustcover. 
Mechanical stage available at extra cost. f 
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unexcelled quality 


at budget prices 





UNITRON DISSECTING ADS 










Heavy base, micrometric 
rack and pinion focusing, arm 
rests, mirror and background 
plate, large glass stage 
plate, Steinheil magnifiers. 












UNITRON PHASE MPEA 





The first student phase 
model ever to be offered. 
Observe protozoa, plankton, 
etc. in the living state without 
chemical staining. Objec- 
















d tives: 4X, P1OX, P40X. Eye- 
e ADS: for 10X, 20X pieces: 8X, 15X. Con- 
$3250 denser and phase dia- 
e : . 
‘ phragm. Write for a reprint 
in ADSA: for 5X, 10X, 20X of Professor Corrington's 
{) $3650 article on this remarkable 
le instrument. 
f mpca.......... 9GY 
1s (f.0.b. Boston) 
is 
If 
d UNITRON STEREOSCOPIC MSL UNITRON PHOTOMICROGRAPHY SET 
2. 
g A wide field, binocular, Duplicates the perform- 
(. 3-D dissecting model. ance of costly apparatus. 
3 Diopter and interpupillary Fits any standard micro- 
9 adjustments. Removable scope. Mounting brackets 


glass stage plate. One set 
of eyepieces for 10X, 20X 
or 30X included; others 
available at extra cost. 


adjust for your camera. 
Viewing telescope allows 
focusing and selection of 
field while the camera is 
in position. 


Model ACA... PSQIS 
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(f.0.b. Boston) 
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ACCEPT A FREE 10 DAY TRIAL 


We invite you to try any UNITRON Microscope in your 
own classroom for 10 days at absolutely no cost or 
obligation. Let our instruments prove their value and 
quality to you, before you decide to purchase. You will 
see for yourself why UNITRON is the choice of America's 
leading universities, schools, and industrial laboratories. 





Uses the same large, 
heavy stand as our re- 
search models. Three ob- 
jectives: 4X, 10X, 40X; three 
eyepieces: 5X, 10X, 15X. 
Coarse and fine focusing. 
Condenser and iris dia- 
phragm. Filter holder and 
filter. Mechanical stage 
available. 
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THIS COMPLETE CATALOG ON UNITRON 
MICROSCOPES IS YOURS FOR THE ASKING! 


Gives complete information on the UNITRON Models 
described above as well as on many others for all types 
of microscopy. You will find this informative publication 
a valuable addition to your files. 


UNITRO 


INSTRUMENT DIVISION 
UBITED SRCENTIFIC oan 


204-206 Milk Street . Boston 9, Mass 
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Please send me your complete catalog on 
UNITRON Microscopes. 





QUANTITY DISCOUNTS | 
AVAILABLE ON ALL MODELS Name and Title 


School or College 
Address 





Prices include wooden cabinet, plastic dustcover, and 
free delivery to your school unless otherwise noted. 
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Chemistry in Action 


THIRD EDITION 
RAWLINS and STRUBLE 


Here is sound sure instruction in high school 
chemistry—teaching that is up-to-date in content 
and method. Here too is the real vitality of 
chemistry in action—chemistry in the steel mill, 
in the research laboratory, on the defense front. 
Over one hundred photographs help the text 
to bring chemistry alive. A distinctive colorful 
format and an informal direct style match the 
text’s modern approach. The complete program 
includes Teacher’s Handbook, Laboratory Manual 
and Key, Tests and Keys. 


Heath Elementary Science 
HERMAN and NINA SCHNEIDER 


See, hear, touch, smell, taste—boys and girls use 
all their senses in studying science the Schneider 
way. These books capture youngsters’ interest 
at once by explaining the fascinating puzzles of 
the world the children look at every day. These 
books hold interest by offering a course to do as 
well as to read. Many, many experiments are 





offered—fun to do, easy to do, and providing 
excellent training in accurate observation and 
objective thinking. The necessary equipment is 
simple and easily obtainable. There is a Teachers 
Edition and a separate Teachers Guide for each 
book. FOR GRADES 1-6. 





D.C. HEATH AND COMPANY 


Home Office: Boston 16 Sales Offices: Englewood, N. J. Chicago 16 San Francisco 5 Atlanta 3 Dallas 1 
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» Indianapolis Wceting 


December 27 through 29 are the dates of the NSTA 
annual winter meeting with science teaching societies 
affiliated with the American Association for the Ad- 
vancement of Science. Indianapolis, Indiana is the place 
with the Hotel Antlers as headquarters. The groups 
taking part in the meeting with NSTA are the Ameri- 
can Nature Study Society, the National Association for 
Research in Science Teaching, and the National Asso- 
ciation of Biology Teachers. 

A diversified program has been arranged for the 
meeting. The opening session Friday morning, Decem- 
ber 27, will feature “Current Trends in the Science 
Curriculum, Grades 1-12,” with John S. Richardson, of 
The Ohio State University, Columbus, retiring NSTA 
president, speaking. His talk will be followed by a 
symposium on “Strengthening Some Classroom Founda- 
tions.” Friday afternoon’s program calls for industrial 
field trips. A Saturday morning symposium will take 
up “Teaching the Major Concepts” with panels on 
Relativity, Evolution, and Individuality of Man. That 
afternoon there will be two separate sessions, one a 
“Here’s How I Do It” meeting and the other a prob- 
lem clinic on “Grass Root Problems in Elementary Sci- 
ence.” NSTA president Glenn O. Blough will preside 
at the latter. 

Among other featured participants will be NARST 
past president George Mallinson, NABT president John 
Breukelman, and ANSS president Richard Weaver, as 
well as distinguished university and secondary school 
science teachers and education administrators. The 
NSTA chairman for the meeting is Richard W. Schulz, 
of the physics department, Purdue University, Lafayette, 
Indiana. 

Teachers planning to attend should request hotel 
reservations immediately; write for data to Dr. Ray- 
mond L. Taylor, American Association for the Advance- 
ment of Science, 1515 Massachusetts Avenue, N. W., 
Washington 5, D. C. 


> STAR Ponte 


STAR’s second year is off to a good start, launched 
by the success of a product of the 1956-57 Science 
Teacher Achievement Recognition awards program. 
This is the brochure, “STAR Ideas in Science Teach- 
ing,” an attractively designed publication containing 13 
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of the cash and medallion award-winning entries in the 


first year’s program. Orginally a limited number of 
copies were printed. However, science teachers and 
supervisors who either received or saw the brochure 
found its ideas so practical and helpful that there was 
a demand for a new printing. 

The brochure is now available at NSTA headquar- 
ters (1201 Sixteenth Street, N. W., Washington 6, 
D. C.). Single copies are $1; quantity discounts are 
available. Covering various fields of science activities, 
the articles are grouped under three headings: Teaching 
Methods, Teaching Aids and Equipment, and Out-of- 
School Activities for Teachers and Pupils. 

The new publication is also an updated replacement 
for NSTA’s “Selected Science Teaching Ideas of 1952,” 
which is now out of print. 

Plans for STAR’s second year include publication of 
a similar brochure next year, presenting a cross-section 
of reports from the winning entries. Conducted by 
NSTA under a grant from the U.S. National Cancer 
Institute, STAR ’58 is an expanded program with cash 
awards of $6750 to be made to 50 teachers in place of 
the 1956-57 awards totaling $2000 to ten teachers. The 
deadline for the new program is February 15, 1958. 

Details of STAR 58 were published in the October 
issue of TST (page 282). A special four-page flyer 
describing the program and including a coupon for the 
official entry form and special materials is also avail- 
able. Science teachers who have not received this flyer 
should write to NSTA headquarters for it. 


¥ Ou the Colorade “frat 


There is an almost-immediate deadline on an impor- 
tant phase of planning for the NSTA 6th National Con- 
vention in Denver. It relates to the Curbstone Clinics 
which proved so popular at the Cleveland convention 
last spring that they are being repeated at Denver. 

A list of 25 tentative questions and topics for the 
clinics has been drawn up and leadership teams are now 
being developed for each. NSTA members and other 
TST readers who want to take part should write NSTA 
headquarters at once, volunteering their services and 
indicating in “1-2-3” order their topic preferences. Since 
convention program copy must be finalized soon after 
December 10, prompt action on this is imperative. 

These are the 25 topics: (1) Teaching the academi- 
cally able students in science in junior and senior high 
schools. (2) Science fairs in junior and senior high 
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SERVING SCHOOLS 


at Low Cost 


Year after year, TESTA Microscopes are 
winning more and more new friends. Now 
used in over 12,000 schools. Approved by 
leading Boards of Education. They're 
AMERICAN-MADE, your assurance of 
uniform quality and ability to withstand 























classroom use. Quality guaranteed. 












Four models, priced from $37.85 to $99.50. 
Quantity discounts to schools. Instruction 
manuals furnished. All are standard, lab- 
oratory size instruments with large, pro- 
fessional inclining stands, precise, inter- 
changeable achromatic optics. Substage 
lamps and other accessories available. 


Illustrated — 

Model F — 100 to 700X, 
Parfocal triple nosepiece. 
Condenser stage with iris 

diaphragm. Achromatic 
objectives. Coarse and fine 

adjustment. 


Write for literature to Dept. ST 












































MANUFACTURING CO. 


10122 E. Rush St., El Monte, California 


schools. (3) Science fairs in the elementary school pro- 
gram. (4) Conservation—how, when, and where in the 
science program? (5) Health education—how, when, 
and where in the science program? (6) More effective 
use of textbooks and services provided by publishers. 
(7), (8), and (9) TV experiments in the teaching of 
science—elementary, secondary, and collegiate respec- 
tively. (10) Using business-sponsored aids in teaching 
science. (11) Improving the use of audio-visual aids in 
science. (12) Little field trips for little folks in elemen- 
tary schools. (13) The field trip in secondary school 
science. (14) Summer institutes and conferences for 
high school teachers. (15) “On-the-job” research grants 
for secondary school science teachers. (16) The Physi- 
cal Science Study—an experiment in the redesign of 
high school physics. (17) The science program in the 
small high school. (18) A science program for grades 
K-12: scope, sequence, planning, execution. 





(19) Science teachers’ opportunities and _ responsi- 
bilities in the “career day” movement. (20) Encour- 
aging future scientists and science teachers—materials, 
programs, techniques. (21) Supervision of science 
teaching—what kind, how much, techniques, successful 
programs. (22) NSTA’s Commission on Education in 
the Basic Sciences. (23) NSTA’s Future Scientists of 
America Foundation. (24) Evaluation of learning in 
instruments, procedures, role of NSTA com- 
mittees in this area. (25) Using current scientific dis- 
coveries in the teaching of science. 

A comprehensive and varied list? The Denver con- 
vention committee did a painstaking job in developing 
it. Write about your preferences immediately. And 
also start planning now for your attendance at Denver. 
These are the dates: March 26 through 29, 1958. 
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BIOCRAFT PLASTIC EMBEDDED SPECIMENS 


These are highest quality preparations, done in 
our own laboratory under ideal conditions. Only 
the finest specimens are used. Plastic materials 
are the best that can be obtained, and workman- 
ship meets critical D-G standards. The resultant 
clear plastic blocks effectively enhance the 
specimens within. 

An extensive variety is available. In addition 
to individual specimens, there are groups of 
related organisms mounted together in single 
blocks, for comparative studies, as well as inter- 
esting life histories. For the complete listing, 
with prices, write for circular S3. 


DENOYER-GEPPERT 
COMPANY 


5245 RAVENSWOOD AVENUE CHICAGO 40 
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For help in problems of visual presentation, don’t 
hesitate to get in touch with the Denoyer-Geppert 
field representative in your area. If you do not 


have his name and address, please let us know. 
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You Can Depend on the GENATRON 


@ The MODERN Electrostatic Generator 


THE CAMBOSCO GENATRON serves not only for classical experiments 
in static electricity, but also for new and dramatic demonstrations that are not 
performable by any other means. It exemplifies a modern method of building 
up the tremendous high voltages required for atomic fission, for nuclear re- 
search, and for radiation therapy. 


Entirely self-exciting, the GENATRON cracks into action at the snap of the 
switch—whose only function is that of starting the motor drive. No auxiliary 
charging method is employed. Hence, despite an output measured in hun- 
dreds of thousands of volts, no hazard is involved, for the operator or for the 
observers. 


An Output of 250,000 Volts—or More! 


THE CAMBOSCO GENATRON is designed to deliver, in normal operation, 
a discharge of the order of 250,000 volts. That figure. a conservative rating, 
is based on many trials conducted under average conditions. With ideal con- 
ditions, a potential difference of 400,000 volts has been achieved. 


Modern Design — struction and 


ever-dependable performance  distin- Unique Features of the GENATRON. WITH MOTOR DRIVE 
guish the GENATRON from all elec- CamboscO Genatron Operates on 110-volt A.C. or 116-volt D.C. 
trostatic devices hitherto available for Includes: Discharge Terminal, Lucite In- 
demonstration work in Physics. This DISCHARGE sulating Cylinder, Latex Charge-Carrying Belt, 
powerful, high-potential source, reflect- TERMINAL a a a Discharge Ball with Flexible Shaft, Accessory 
ing the benefits of extensive experience outer surface of a polished metal ‘‘sphere’’—or. and Ground Jacks, Cast Metal Base witb 
in electrostatic engineering, has abso- built-in Motor Drive, Connecting Cord, Plug. 
lutely nothing but purpose in common 


more accurately, an oblate spheroid. 
The upper hemisphere is flattened at the pole Switch, and Operating Instructions. 
with the old fashioned static machine! No. 61-705 $98.75 





Sturdy con- 





to afford a horizontal support for such static 
accessories as must be insulated from ground 
A built-in jack, at the center of that horizonta! 
area, accepts a standard banana plug. Connec 
tions may thus be made to accessories located 
at a distance from the GENATRON 


NO FRAGILE PARTS—Durability was a 
prime consideration in the design of 
the GENATRON which, with the ex- 
ception of insulating members, is con- 
structed entirely of metal. 


CHARGE- To ~ terminal, Gee are - 
veyed by an endless band o 
rn pure, live latex—a CamboscO 
development which has none of 
Tl | ost and 1 Pyan oe the shortcomings inherent in a belt with an 
_The only part subject to deteriora- overlap joint. 
tion is the charge-carrying belt, which prscuanes 
18 readily replaceable. BA = L High voltage demonstrations 
often require a ‘‘spark gap” 
whose width can be varied without immobiliz- 
ing either of the operator's hands. 

That problem is ingeniously solved in the 
GENATRON, by mounting the discharge ball 
on a flexible shaft, which maintains any shape 
into which it is bent. Thus the discharge bal! 
may be positioned at any desired distance (over 


NO TRANSFER BODIES—In all conven- 
tional influence machines, whether of 
Holtz or Wimshurst type, electrical 
charges are collected and conveyed 
(from rotating plates to electrodes) by 


” a sixteen-inch r f i t 
a system of “transfer bodies. Such minal. ee 
bodies have always taken the form of 
metal brushes, rods, button disks or BASE...AND Sebitieg is seared by the 
. . . assive, cas meta ase— 
segments—each of which, inevitably, AIBA D where deep sockets are pro- 
permits Wr wend of the very charge it vided for the flexible shaft 


is intended to carry, and thereby 
sharply limits the maximum output 
voltage. 


It isa distinguishing difference of the 
GENATRON that electrical charges, 
conveyed by a non-metallic material, 
are established directly upon the dis- 
charge terminal. The attainable volt- 
age accordingly depends only upon the 
geometry of that terminal and the di- 
electric strength of the medium by 
which it is surrounded. 





which carries the discharge ball, and for the 
lucite cylinder which supports, and insulates, 
the discharge terminal. 

The flat, top surface of the base, (electrically 
speaking), represents the ground plane. Actual 
connection to ground is made through a con- 
veniently located Jack-in-Head Binding Post. 
The base of the Genatron encloses, and elec- 
trically shields, the entire driving mechanism. 


PRINCIPAL 

The overall height of the 
DIMENSIONS GENATRON is 31 in. Diam- 
eters of Discharge Ball and Terminal are, 
respectively, 3 in. and 10 in. The base 
measures 5% x 7 x 14 in. 








CAMBOSCO SCIENTIFIC COMPANY 


37 ANTWERP ST. °@ 


BRIGHTON STATION @ 


BOSTON, MASS. 








GENATRON, WITH SPEED CONTROL 

Includes (in addition to equipment itemised 
under No. 61-705) built-in Rheostat, for demon- 
strations requiring less than maximum output. 


ts ois nce dees $109.00 





No. 61-710 Endless Belt. Of pure latex. For 
replacement in No. 61-705 0r No. 61-708. $3.00 
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TEACHING AIDS ABOUT GAS 
AVAILABLE FREE* TO TEACHERS 


VISUAL AND SCIENTIFIC Aids—designed 
by experienced teachers for teachers, to assist 
in instructing students how theoretical science 
principles are applied on a practical business 
basis. . . . Evaluated in advance of publi- 
cation by members of the National Science 
Teachers Association. 


# 1. EXPERIMENTS WITH GAS... . Booklet of 29 class- 
room experiments using fuel gas. Includes complete 
directions, ideas for student participation, etc. For 
General Science Classes, Junior High School. 


# 2. ADVANCED EXPERIMENTS WITH GAS .. . 22 ad- 
vanced classroom experiments performed with fuel 
gas. For Sr. High School and Jr. College levels. 


# 3. SCIENCE IN ACTION .. . Five separate teaching 
kits describing science principles that make each gas 
appliance possible, with simple experiments illustrat- 
ing the various principles employed; with wall chart 
and student work sheets. (A) GAS RANGE, (B) 
GAS CLOTHES DRYER, (C) GAS WATER 
HEATER, (D) GAS HOME HEATING, (E) GAS 
REFRIGERATOR. 7th, 8th and 9th grade levels. 


# 4. HOW YOUR GAS METER WORKS... Teaching kit 
—in simple language, with illustrations and diagrams; 
wall chart and student work sheets. For General and 
Social Science Classes, Junior High School level. 


# 5. NATURAL GAS—Science Behind Your Burner— 
42-frame, 35mm slide film explaining how natural gas 
gets from well to burner. Includes teacher’s text, flow 
chart, work sheets, and gas pipeline map of the U.S. 
and Canada. Junior and Senior High School level. 


# 6. GAS SERVES YOUR COMMUNITY .. . Cutout kit, 
elementary school level (4th grade, up). Tells story 
of gas from fields to community and its uses there— 
in 28 4-color cardboard pictures. Teacher’s text has 
suggestions for use as classroom projects; i.e., bulle- 
tin board, paste ups, sandbox, etc. 


# 7. SCIENTISTS AT WORK—In the Gas Industry .. . 
a 48-frame slide film with teacher’s guide. Tlustrates 
the variety and scope afforded scientists, technicians, 
etc., who wish to pursue careers in the Gas Industry. 


* In most areas. 


EDUCATIONAL SERVICE BUREAU, DEPT. ST6 
AMERICAN GAS ASSOCIATION 
420 LEXINGTON AVE., N. Y. C. 17, N. Y. 


I have circled the key number and letter of the 
teaching aid I can best use. 


1. 2. 3. (A) (B) (C) (D) (E) 4 5. 6. 7. 


NAME OF MY 
EE 


CLIP THIS COUPON ------------ 





TURNER ... from page 339 


A slight variation of this theme was proposed in 
a symposium on problem solving published in The 
Science Teacher. Dr. Oreon Keeslar * there stated: 

. in problem solving, let us anticipate the hu- 
man element and welcome original methods for each 
problem situation, but hope that these incorporate 
such of the elements and scientific method as the 
situation warrants.”’ 

Thus, advocates of original, unpatterned thought 
in attacking problems have made themselves heard 
in the areas of business, science, and education. 
How then can such a disorderly combination of in- 
dividualized techniques be taught? 

As I see it, the answer would be that, like the un- 
patterned nature of the subject, they can not be 
taught as an organized unit. Instead, they must be 
handled individually both as pertaining to the stu- 
dent and to the elements of problem solving. In 
addition, a conscious effort to include one or more 
of them in all subject matter considerations is nec- 
essary to insure a desirable facility with them. 

An illustration of a lesson with this objective in 
mind took place last year in a biology class when a 
study of insects was about to be launched. The in- 
structor had prepared for the unit by encouraging 
some flies to ovulate on a few pieces of raw meat. 
After pupation had occurred, the plastic-like cap- 
sules of developing flies were given to the students. 
The distribution of the pupae was accompanied 
with instructions to find out all the information 
available on these “plastic” capsules and their soon- 
to-emerge occupants. 

As you can imagine, interest was at a peak (and 
more than a few class activities disrupted during 
the day). But also, many careful, and not so care- 
ful, records were kept describing every action of 
the emerging fly until it took wing, often timed to 
the tenth of a second. The subsequent comparison 
of notes and explanations of events caused many 
students to ask for additional capsules to check 
findings or just to do a better job. As enthusiasm 
grew, so did requests for sources of information on 
these interesting little pests. Of course, little buzz 
groups got started in and out of class with copious 
suggestions cn different authoritative sources. 
These sources often conflicted on small but inter- 
esting points. 

For example, the time taken for the fly to take 
wing after emerging from its pupa case brought on 
quite a heated discussion, which got no one any- 


3 Keeslar, Oreon, ‘“‘The Science Teacher and Problem Solving,’’ The 


Science Teacher, 1956, XXIII, 13-69. 
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where. Fortunately, we had an erstwhile “Galileo” 
in our class who suggested a possible experiment by 
which original observations could be made. Unlike 
Galileo’s contemporaries, the class was soon en- 
grossed in refinements and alterations of the original 
suggestion, until a generally acceptable experiment 
was devised—controls and all. The setup for our 
quest of observable facts was quite simple, but 
the thought processes involved in deriving it were 
somewhat complex. 

Three groups of students undertook to do the 
experiment independently, both for the fun of doing 
it and “to make sure it was done right.”’ It con- 
sisted of placing about-to-emerge pupae in three 
different temperature conditions, all other factors 
being kept constant. The temperature variations 
were developed by devising makeshift, camping- 
style coolers, light bulb-warmed heaters, and room 
temperature. The guess (hypothesis) was that the 
authoritative source in question had made his ob- 
servations on warmer days and therefore got a 
shorter average time for the flies’ final development. 
Our findings seemed to indicate that this was likely 
the case. 

All was not smooth sailing. Rough spots ap- 
peared and instructor guidance was often neces- 


sary. However, considering the age and inexperi- 
ence of the students, they progressed (and at times 
groped) to a generally acceptable conclusion. In 
fact, the experimental “bug” had bitten quite a 
few students and repeated requests for “proving” 
something or “finding out” things occurred through- 
out the year. Individual problems were often at- 
tached and solved before the instructor knew they 
were being contemplated—and just for the sake 
of knowing. 

The instructor’s role is seldom a small one in 
endeavors such as these. A familiarization with 
both the workings of the adolescent mind and many 
of the techniques used in solving problems are es- 
sential. These techniques, although not necessarily 
used in a particular situation, can be referred to 
if the students are unable to proceed by their own 
methods. A few helpful, but not authoritative, 
hints are often essential to keep the discussion 
moving at a rapid rate and in an interesting vein. 
It takes more than one attempt for this kind of 
teaching to become familiar territory for the in- 
structor; but once the path is known, the obstacles 
are few. The diversity in individual student 
thought processes becomes an intriguing quantity 
seldom explored in ‘‘standard”’ type science courses. 





—. 


The Do-it-Yourself Laboratory 


WAESL SOURCE BOOK FOR SCIENCE TEACHING 


ET 
— — 
aces nial 








Now Widely Adopted For Use in the Classroom: 

Written by Dr. E. S. Obourn, now Science Specialist in the U. S. Office of 
Education, on the basis of the experience of UNESCO experts in science 
teaching in under-developed countries. It gives details for the construction 
and use of adequate simple equipment for general science teaching, made 
from materials everywhere at hand. 

“The most wholesome effect the book will have is to demonstrate that a 
piece of equipment does not have to be chrome-plated to be useful.”— 
writes Dr. Graham DuShane, Editor of Science. 

It is a stimulus to the creative ingenuity of teachers and students alike. 


222 pages $3.00 


a 


20 copies or more for classroom use, $2.70 each 
Order from 


UNESCO PUBLICATIONS CENTER, U.S.A. 


801 Third Avenue New York 22, N. Y. 
U. S. Distributor for all UNESCO publications 











November 1957 351 














EXCELLENT! | OW-PRICE CLASSROOM AIDS for SCIENCE TEACHERS! 


STATIC ELECTRICITY GENERATOR FINE, AMERICAN-MADE INSTRUMENT AT OVER 50% SAVING 
NEW! TERRIFIC! STEREO 
Ideal for Classroom MICROSCOPE 


. 
Demonstrations Up to 3” Working Distance—Erect 
See a thrilling spark display as you set off a = 4 - 

miniature bolt of lightning. Absolutely safe Image—Wide 3 Dimensional Field 

and harmless, perfect for classroom experimen- . 
= , ~ Ideal for classroom or home use; for inspections, 
tation—ideal for science clubs. Sturdily made examinations, counting, checking, assembling, 
dissecting. 2 sets of objectives on rotating 


turret. Standard pair of wide field 10X Kellner 
Eyepieces give you 23 power and 40 power 
Additional eyepieces available for greater or 
lesser magnification. Helical rack and pinion 
focusing. Interpupillary distance adjustable. 





—stands 14” high. Scientifically known as the 
Wimshurst Static Machine. Turn the handle 
and two 9” plastic discs rotate in opposite 
directions. Metal collector brushes pick up the 
static electricity, store it in the Leyden jar 
type condenser until discharged by the jumping 
spark. You can light electric gas glow bulbs 








right in your own hand. Countless other tricks American made! 10 DAY FREE TRIAL 

and experiments. 24 page instruction booklet " ij complete satisfaction or your money back 

included. Stock No. 70,070-AC....$10.95 Postpaid Order Stock No. 85,056-AC Full Price—$99.50 f.o.b. 
(Shipping weight {i Ibs.) Send Check or M.O. Barrington, N. J. 





HAVE YOUR CLASS BUILD A 
POWERFUL ASTRONOMICAL TELESCOPE 


nd Your Own Astronomical Mirror 


BUILD A SOLAR ENERGY FURNACE 
Wonderful Geophysical Year School Project 





Gri Build your own Solar Furnace for experimentation 

Complete Kit Including Blank, Tool and Abrasives many practical uses It’s easy inemponstve, Use your 
= scrap wood. We furnish instruction sheet This sun 

nowered furnace will generate terrific heat 2000 te 

3000°. Fuses enamel to metal Sets paper aflame in 

seconds. Use our Fresnel Lens—14%” diameter. .f.l. 14” 

Stock No. 70,130-AC pkg. of |... $ 6.00 Postpaid 

Stock No. 70,131-AC pkg. of 2.. 11.00 Postpaid 

Stock No. 70,132-AC pkg. of 4 ° 20.00 Postpaid 





WRITE FOR FREE CATALOG-AC 


Huge selection of lenses, prisms, war surplus optical instruments, parts and 
accessories. Telescopes, microscopes, satellite scopes, binoculars. Infrared 











All over America amateurs are grinding their own mirrors and making sniperscopes and parts, reticles, mirrors, Ronchi rulings, dozens of other hard- 
expensive Telescopes cheaply. You can do the same using our Kits. These to-get optical items. America’s No. | source of supply for Science Teachers. 
contain mirror blank, tool, abrasives, diagonal mirror and eyepiece lenses. Photographers, Hobbyists, Telescope Makers, etc. Ask for Catalog AC 
You build instruments ranging in value from $245 to thousands of dollars. 

Stock No. Dia. Mirror Thickness Price Order by Stock No. — Send Check or M.O. — Satisfaction Guaranteed 

70,003-AC 4%” Ps al Bie aes 

70,004-AC ath ~ ‘ postpaic 

sy : is” $10:30 postpald EDMUND SCIENTIFIC CO. 

70,006-AC 10” _ -75 postpak 

ie eefeat 1 Ha $54.75 postpaid BARRINGTON, NEW JERSEY 





A General Science Textbook should be as well written as a good novel..... 


A general science textbook should have a flowing style, it should be as 
timely as today’s newspapers, it should be fun and meaningful to read. A 
startling statement? Yes .... but a statement good teachers have approved 
wholeheartedly. That is why Rand McNally has published “GENERAL 
SCIENCE TODAY.” 


GENERAL SCIENCE TODAY 


* is aimed throughout to present general science to 


the student in terms of the visible, tangible world 
he knows 


© goes beyond the formal training and rote learning 
of the traditional general science course 

acquaints students with the science they will need 
to know to reach their goals in the adult world 
challenges the ability of every pupil, no matter 
what his capacity 

will lighten your work load and help you do the 
teaching job you want to do 





Like to see an evaluation copy? If so, please write 


RAND MSNALLY & COMPANY * Box 7600 * Chicago 80, Illinois 
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> Action for 1957-58 


For the sixth consecutive year, representatives of busi- 
ness-industry, high school science teaching, college and 
university science, and scientific societies have “put 
their heads together”’ for a specific purpose. This was to 
advise on services and action programs which NSTA’s 
Future Scientists of America Foundation should provide 
to assist teachers in encouraging tomorrow’s scientists. 
The occasion was FSAF’s annual “open meeting,” held 
October 4 in Washington, D. C. Here is a brief run- 
down of projects approved or recommended by the 
conference. 


1. Booklets. Two new service booklets are planned 
for early publication. One of these will deal with 
“How Scientists, Engineers, and Industry Can Help Sci- 
ence Teachers and Their Students;” it is now in prep- 
aration by a committee headed by Dr. Warren Nelson 
of Miami University, Oxford, Ohio. The second booklet 
is being prepared by a committee under the chairman- 
ship of Dr. Robert Donaldson of Plattsburgh, New 
York, State University Teachers College; it will deal 
with “How Science Teachers Can Work More Effec- 
tively With the Academically Able Students in Science.” 


2. Summer Opportunities for Teachers. FSAF 
has been advised to continue its efforts to catalyze sum- 
mer employment opportunities in science-based indus- 
tries. The same advice applies to opportunities for 
science teachers to serve as research assistants on col- 
lege and university campuses during summer months. 

FSAF will also seek financial support to conduct 
three or four summer conferences for science teachers 
similar in design to those which it has co-sponsored dur- 
ing the past four years. A unique outcome of these 
conferences has been the special reports, seven of which 
will have been published in TST by next summer. 


3. Student Science Achievement Awards. This 
program of awards for reports of student science proj- 
ects will be supported by the American Society for 
Metals for the seventh consecutive year. Each year 
has seen a significant increase in the extent of teacher 
and student participation. Last year, more than 27,000 
sets of student materials were distributed; nearly 3000 
students carried through with completed entries, and 
about 1100 received awards and recognition. 

4. Research Grants for Teachers. This year a 
new program is being tried on a pilot-run basis. It will 
provide financial grants to secondary school science 
teachers to enable them to do “on-the-job research” in 
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science or science teaching. After testing and refine- 
ment, it is hoped to expand the program through direct 
grants by FSAF and through cooperation with other 
groups or agencies with funds to make such grants. 


5. Tomorrow’s Scientists. This student publica- 
tion will be partially supported by FSAF during 1957- 
58, its second year of publication. Still in the tryout 
stage, the goal is at least 30,000 subscriptions, which 
will make TS a self-supporting publication. 


6. Guidance Materials. New editions, reprintings, 
or revisions of Encouraging Future Scientists: Keys to 
Careers and Careers in Science Teaching were author- 
ized for 1957-58. With a distribution of more than 
200,000 copies, these booklets are considered to be 
among the most realistic and helpful services provided 
by FSAF. 


7. Other. This year FSAF will continue to sup- 
port the revision and extension of NSTA’s name list of 
U. S. science teachers in junior and senior high schools. 
It is already the most accurate and largest list of its 
kind; it is expected that more than 40,000 teachers will 
be included this year. School principals must take the 
responsibility to get their teachers on the list; report 
forms are available from NSTA. 

Many of the above projects are now under way; 
plans are being matured to carry through on the others. 
To enable the full program to be carried out, industry 
will be asked to provide most of the necessary budget 
of more than $100,000. It may be that special efforts 
will be needed this year to raise the money. The FSAF 
Administrative Committee was concerned—though not 
dismayed—to note that FSAF general contributions for 
1956-57 dropped to $27,000, compared to $36,000 for 
1955-56. No conclusive inferences were drawn from 
this record, but participation of sponsors during 1957-58 
will be watched with deep interest. 


» Wanted: Reports on Research 


The FSAF subcommittee in charge of on-the-job 
research grants invites all secondary school science 
teachers to help in refining and developing this project. 
It is expected that this year’s test run will reveal poten- 
tial values, roadblocks, and “bugs” inherent in the 
underlying idea and its hypotheses. However, much 
more information is needed. The committee would like 
to hear from teachers who may already have carried 
out on-the-job research. This means research on scien- 
tific problems or experimental or controlled studies in 
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aspects of science teaching which have been carried on 
during the school year and in conjunction with the 
teacher’s regular job. 

If you have done things along this line, please write 
to the committee chairman and give him at least a brief 
account of your work. Be sure to cover such points as 
these: what you did; what sources of help you had, 
advisory or consultative and financial; who your co- 
operators were; what the attitudes were of your school 
administrative and supervisory staff; how you were able 
to find time to do the research; how you may have 
involved some of your students in the work; what im- 
pact or influence the work may have had on your 
teaching and how it affected your students; and other 
significant points relative to the project(s) you have 
carried on. Send your report to Dr. Philip G. John- 


son, Stone Hall, Cornell University, Ithaca, New York. 


BOK BRIEF 





Man Acarnst Germs. A. L. Baron. 320p. $4.50. E. P. 


Dutton & Co., Inc., New York. 1957. 
Story of man’s struggle against 13 diseases; narrative 
style; interesting, informative. 


SCIENCE AND HuMAN Lire. J. A. V. Butler. 
Basic Books, Inc., New York. 1957. 


Erudite discussion by a leading British chemist of the im- 
pact of modern science on modern man’s human qualities. 


162p. 


$3.95. 


A Key TO THE Stars. R. van der R. Woolley. 
Philosophical Library, New York. 1957. 


Third edition of an introduction to astronomy and astro- 


144p. $4.75. 


physics. Written for the nonspecialist in understandable 

terms. 

ELEMENTARY SCHOOL SCIENCE: RESEARCH, THEORY AND 
Practice. Maxine Dunfee and Julian Greenlee. 67p. 


$1. Association for Supervision and Curriculum Develop- 

ment, National Education Association, Washington, D. C. 

1957. 

Paperback publication reporting on key experimentation 
and research in the elementary science field. Includes prac- 
tical data on teaching elementary science and improving 
the program. 


BuILDING BLOCKS OF THE UNIVERSE. Isaac Asimov. 
$3. Abelard-Schuman, Inc., New York. 1957. 
A report for young people on the 101 chemical elements 

known at the time of writing. Interesting, attention- 

holding text with pertinent history-of-science facts. 


256p. 


VaNnGuARD! Martin Caidin. 288p. $3.95. E. P. Dutton & 


Co., Inc., New York. 1957. 


A pre-sputnik report on the U. S. program to develop 
a satellite. 
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SurGerY. Frank G. 
New York. 1956. 
Paperback, completely rewritten version of the author’s 

“The New Science of Surgery.” Covers a multitude of sub- 

jects ranging from shock to operations, from earliest anes- 

thetics to medicine in the atomic age. 


SCIENCE AND 
Permabooks, 


Slaughter. 


272p. 35¢. 


PHILOSOPHY OF SCIENCE. Philipp Frank. 394p. $5.75. Pren- 
tice-Hall, Inc., Englewood Cliffs, New Jersey. 1957. 
Subtitled “The Link Between Science and Philosophy.” 

An erudite book that explores the relationship between 

physical theories and philosophical systems and also the 

distinction between a physical theory and its metaphysical 
interpretation. 


INTRODUCTION TO CHEMISTRY. Joseph C. Muhler, Charles S 
Rohrer, and Ernest E. Campaigne. 452p. $6.75. Prentice- 
Hall, Inc., Englewood Cliffs, New Jersey. 1957. 

A textbook designed mainly for students who plan work 
in some aspects of biological science but whose chemical 
background will be limited. The emphasis is on biochemistry. 
Innumerable diagrams and photographs. 


Concepts OF Force: A Stupy IN THE FOUNDATIONS OF Dy- 
NAMICS. Max Jammer. 269p. $5.50. Harvard University 
Press, Cambridge, Massachusetts. 1957. 

An analytical examination of the role of force in classical 
as well as in modern physics. A book for the serious student 
of the philosophy of science, blending and balancing the 
historical, philosophical, and scientific points of view. 


How to Know MINERALS AND Rocks. Richard M. Pearl 
200p. 50¢. Signet Key Book, New American Library of 
World Literature, Inc., New York. 1957. 

Definitive information for one who wants to know the 
important gems, ores, and metals of the mineral kingdom. 
Profusely illustrated including 46 full color illustrations as 
well as drawings of each rock and mineral discussed 


THE CONQUEST OF THE ANTARCTIC. Norman Kemp. 152p 

$4.75. Philcsophical Library, Inc., New York. 1957. 

A timely book reporting on previous expeditions to Ant- 
arctica. Good background for new knowledge to be un- 
covered during the International Geophysical Year. Written 
by a New Zealander in a readable style. 


Basic Puysics. Alexander Efron. 724p. $8.95. John F. Rider 

Publisher, Inc., New York. 1957. 

A two-volume textbook in a single binding, designed to 
cover the fundamentals of classical and modern physics at 
the intermediate level. Basic demonstration experiments are 
described and model problems of graduated difficulty are 
presented. More than 800 illustrations 


ReEsOURCE LITERATURE FOR SCIENCE TEACHERS. John S 
Richardson, Editor. 70p. $1. Lithoprinted. College 
of Education, The Ohio State University, Columbus, Ohio 
1957. 

An annotated biobibliography to help the science teacher 
in search of research tools and resource literature. ‘‘The 
Teaching of Science” section includes listings for elementary 
and secondary school science teaching, also yearbooks related 
to science teaching, magazines and government publicaticns, 
book lists. Two other major sections are titled “Readings 
in Science” and “Research in Science Education.” An in- 
valuable reference book for students in 
as well as science teachers 
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MOLECULES TO MISSILES. 


10 min. 1957. Color. 
Division, Rohm & Haas Co., 


Redstone 
Arsenal Research Huntsville, 
Alabama. 

Recommendation: Senior high school and college freshman 
and sophomore physics and chemistry classes. 

Content: With the theme of research, the film presents the 
value of, and need for, continuing study, research, experi- 
mentation, and testing. The illustrations of laboratory and 
research procedures and equipment are especially good. 

Evaluation: Timely, well organized film with good appli- 
cations illustrated throughout. In addition to conveying 
considerable factual information, the film should stimulate 
interest in research. 

° o o 
WHAT'S A SILICONE? 32 min. 1957. Color. Dow Corning 
Corp. (Doan Production), Midland, Michigan. 

Recommendation: General science classes at the high school 
level and senior high and college chemistry classes. 

Content: Explaining the uses and structures of various 
types of silicone products, the film contains an abundance 
of nontechnical information on silicone, the manufacturing 
processes involved, and the many uses and potentialities of 
this product. 

Evaluation: Excellent photography in a well organized and 
very timely film. The sound tends to fluctuate. The film 


should stimulate interest, reading, and experimentation. 
o °o o 
SNOWFLAKES. 8 min. 1956. B & W, Color. Moody In- 


stitute of Science, Educational Film Division, 11428 Santa 
Monica Blvd., West Los Angeles 25, California. 

Recommendation: Third through sixth grades in general 
science areas. 

Content: The film presents many scenes of snow and sev- 
eral microphotographs of snowflakes. It touches rather 
lightly on how snow provides water for irrigation. Fairly 
general in treatment, the film does not have a high sci- 
entific value. 

Evaluation: Elementary in approach, the film should build 
attitudes but not contribute particularly to the stimulation 
of interest and/or reading. The color photography is 
beautifully done. 

° ° ° 


TOADS. 10 min. 1957. $100 Color. Pat Dowling, 
South Robertson Blvd., Los Angeles 35, California. 

Recommendation: Elementary through junior high school 
levels in general science areas. 

Content: This film relates the life cycle of the toad, show- 
ing the transition from water to land animal, and from egg 
to adult. Clearly depicted are the way the toad has adapted 
to land life with its dangers as well as how the animal uses 
its specialized organs such as the eyes and sticky tongue. 

Evaluation: Fine photography and very good organization. 
It is an appropriately developed film with much factual 
information. The sound could be improved. 
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SHELL MERIT FELLOWSHIPS 

Announcing the 1958 summer fellowships program, Shell 
Companies Foundation, Inc. reported that 100 will be 
available for high school teachers of physics, chemistry, 
and mathematics. Fellows receive allowances for travel, 
tuition, living expenses, and $500 in cash to offset the loss 
of other summer earnings. Half the fellows will attend 
full summer sessions at Stanford University; the other half, 
at Cornell University. U. S. and Canadian teachers with 
at least five years’ experience are eligible. The deadline 
for applications is February 1. Teachers living west of 
the Mississippi should write for fellowship applications to 
the School of Education, Stanford University, Stanford, 
California; teachers living east of the Mississippi, to the 
School of Education, Cornell University, Ithaca, New York. 





PHASE FILMS 


The Phase Films are mature single-purpose films 
presenting the most significant microbiological 
phenomena disclosed in living organisms by the 
Nobel winning Phase-Contrast method. 
Photography of living organisms NOT ANI- 
MATION. 

Write for titles, descriptive folders or previews 

ARTHUR T. BRICE 


Phase Films Ross, California 








SCIENCE REVIEW-WORKBOOKS 


geared to the times! 


In a world in which science plays an ever-increasing part, teachers 
need a new form of teaching help to present the science story. 
Recently we brought out four ‘enue definitive new WARP’S 
REVIEW-WORKBOOKS to fill this need _ a books enable Science 
teachers to fix the facts in a way + will make Science a living, 
moving, memorable thing to your pupils. 
The series begins with a REVIEW-WORKBOOK for Grade 5—"'Science 
Friends About Us.” “The Marvels of Science’ for Grade 6 carries on 
© “Exploring with the Scientist’ for Grade 7. The final number of 
the series is for Grade 8. It is titled “Science Changes Our World.” 
FREE CATALOGUE DESCRIBES THE SERIES 
Send today for big, new FREE catalogue, describing these and the 
other WARP’S REVIEW-WORKBOOKS. Do not delay. 


WARP PUBLISHING COMPANY 
MINDEN * * * + NEBRASKA 











KRAUS ... from page 335 


Similarily, Paul Brandwein, formerly of Forest 
Hills (New York) High School, in his book, “The 
Gifted Student as Future Scientist,”’* is concerned 
with the development of scientists, not science prize 
winners—and there can be a difference. 

Some of Mr. Simmons’ specific suggestions carry 
connotations which I am sure he did not intend. 
Nonetheless they might be damaging to the public’s 
concept of pupil competitions: 

1. In the recruiting of potential winners, “‘it is 
desirable that these young people come from homes 
of at least moderate circumstances as money is 
needed for materials and construction tools, includ- 
ing a car to transport their interest-creating proj- 
ects to the science fairs.” This is a form of eco- 
nomic discrimination which would be reprehensible 
to science teachers. A teacher who possessed the 
driving energy to conduct the kind of campaign 
suggested by the author would find some way of 
overcoming the economic barrier. Happily, Mr. 
Simmons mitigates his statement with the note that, 
“In some cases, Boards of Education furnish the 
transportation.” 

2. In the selection of subject matter, “Consider 
timely areas such as electronics, automation, atomic 
energy, supersonics, and the International Geo- 
physical Year.... However, if possible, allow the 
youngster to make his own choice.” (sic/) Alex- 
ander Fleming, curious about the effects of molds 
upon his bacterial plates, would have received little 
encouragement from a teacher overly solicitous for 
timely topics. 

3. “The teacher-sponsored experience should 
show .. . problem solving, originality and creativity, 
.. . (and) independent thinking.” But “Students 
and parents should invite qualified people to their 
homes for suggestions and improvements.” These 
two statements indicate an incompatability which 
requires further comment. 

Certainly pupils should seek assistance in solving 
their problems—practicing scientists do. But there 
is the question of the degree of outside help. I 
think judges should prefer crude work which is 
original rather than polished exhibits succored by 
“qualified people.” (I do not mean now to inau- 
gurate a new trend for getting expert help in 
roughening-up exhibits.) I do not know that there 
is any answer to the delicate problem of judging 
the extent of individual work in a project, but the 


3 Brandwein, Paul: The Gifted Student as Future Scientist. 
court, Brace and Co., 1955. 


Har- 
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practice of devising a campaign for producing win- 
ners by the deliberate scheduling of visits by out- 


side experts seems to be going too far. I commend 
the practice of some recognition programs which ask 
pupils to state the extent of outside help they 
received. 

4. “From the cumulative evidence, there appears 
to be many more quality entries from (the) physics 
field. Chemistry seems to be less competitive.” 
This would imply that teachers should guide pupils 
away from their interests toward areas where there 
is a good chance of winning. Fortunately, the au- 
thor adds, ‘‘To be realistic and meaningful, projects 
should have a personal interest origin.” 

It is good to observe that Mr. Simmons’ conclud- 
ing paragraph refers to the goals of creativity and 
critical thinking. I am sure that these are his ob- 
jectives while working with students and that the 
connotations which I have ‘attempted to dispel 
represent inadequacies in semantics rather than in 
educational philosophy. 
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THE STANSI SCREEN SYSTEM 
A STIMULATING NEW APPROACH TO THE STUDY OF ELECTRICITY 


} WHAT IS IT? Electrical components are mounted 

- ame ne : - : on bakelite bases which are attached to a 

: . metallic-back peg-board by means of thumbscrews. 

Sais)» Each component has fixed binding posts to which 

tsi bes all connections are made. The parts are placed on 

com are — F the chassis to conform to the circuit diagram. 

DPS | *St| Se, The student, by using prepared connectors, con- 

ama) TP =, structs the circuit without recourse to a soldering 

i : iron or any tools. Electrical measurements are 

=i 1 del easily made. From simple series-parallel circuits 

ol [Ee 4 to modern radios, students may advance their 

knowledge by constructing and disassembling the 

various devices repeatedly without damage to 

parts. Components and connectors are of sufficient 

size to make demonstrations effective for large 
classes. 





4806 DEMONSTRATION RADIO RECEIVER. A modern 
AC-DC home receiver, mounted on an 18x34” 
chassis, ready for operation. Except in locations 
remote from broadcast stations, no outside an- 
tenna is required. It has all modern features such 
as automatic volume control, diode rectification, 
high Q loop antenna, and a permanent magnet 
alnico speaker. Sensitivity and tone will compare 
favorably with any commercial receiver of the 
same type. 

The tube complement is 12SA7-Mixer; 12SK7- 
1.F. Amplifier; 12SQ7-Detector-AVC-Audio; 50L6 
Audio Power Output; 35Z5-Rectifier. The inter- 
mediate transformers are pretuned to a frequency 
of 455 Ke. The instruction book shows a stage by 
stage development with adequate questions and 
teacher’s key. A large circuit diagram is mounted 
ETS TH TIE soccscicecniccscconcsiecvntnontnaiedunaeal $74.50 





No. 4806 


4808 DEMONSTRATION RADIO TRANSMITTER. The conventional phono-oscillator with circuit modifications to 
teach the principles of modulation. Transmits both live and recorded programs. The frequency range covers 
the broadcast band so that its transmission may be picked up by any broadcast receiver in the same class- 
ruum. ‘The field strength is within the limits prescribed by the F.C.C. so that no license is required for 
operation. Tube complement: 35Z5, 12J5, 12SF5, 35L6. It has the same dimensions as the radio receiver 


and operates on either AC or DC. A crystal microphone, large circuit diagram, detailed instructions, and 
teacher’s key are included 


sceptneanineahieniteitetaaieadiniecioisecisaahigipiceiigisiaaanaan adam $61.75 
4806C Circuit diagram of 4806 Radio Receiver, 18” x 33” $1.00 
4808C Circuit diagram of 4808 Radio Transmitter, 18” x 33” $1.00 
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you are planning a new 


School Science Department 


...if you are broadening the activities 
of your present department 


. .. these booklets can be of help to you. They contain carefully detailed lists of instruments, 
apparatus and supplies needed for a great variety of demonstrations and experiments in 
science courses. These lists are based on standard requirements and have been prepared by 
men long experienced in planning and equipping school science departments. 


T = E VY 3 a a be Fe E a | Write us today giving the name of each pamphlet desired, 
« We'll send them promptly without cost or obligation. 





Pamphlet ES-3 Pamphlet HSC-6 
“Suggested List of Apparatus and “Secondary School Chemistry List. 
Materials for Elementary Science.” (Including semi-micro apparatus) 


Pamphlet GS-5 C) Pamphlet P-10 


“Laboratory Apparatus for Gen- "Secondary School Physics List.” 
eral Science.” 


Pamphlet B 8R Cenco Order Book 
“Laboratory and Demonstration Lists 1500 Items for Science, Biolo- 
Equipment for Secondary School gy, Chemistry and Physics. 
Biology.” 











Central Scientific Company 


The most complete line of 1718-O IRVING PARK ROAD, CHICAGO 13, ILLINOIS 


scientific instruments and lab- 

eratery supplies in the world BRANCHES AND OFFICES—CHICAGO « NEWARK « BOSTON « BIRMINGHAM e DETROIT 
SANTA CLARA » LOS ANGELES « REFINERY SUPPLY COMPANY—TULSA ¢ HOUSTON 

CENTRAL SCIENTIFIC CO. OF CANADA, LTD.—TORONTO » MONTREAL « VANCOUVER « OTTAWA 








